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1.0 INTRODUCTION

1.1 Purpose

On behalf of the 216 Paterson Plank Road Coopérating PRP Group (Group), Golder Associates Inc.
(Golder Associates) submits this Focused Feasibility Study Report (FFS) on the final remedial action
for fill and shallow groundwater (i.e., above the clay layer) at the 216 Paterson Plank Road Site (Site)
in Carlstadt, New Jersey. This FFS was performed at the request of United States Environmental
Protection Agency (USEPA) and in accordance with the previously approved Focused Feasibility
Study Work Plan (Work Plan; Golder Associates, 1995) and the Focused Feasibility Study
Investigation Work Plan (FFSI Work Plan; Golder Associates, 1997a). Administratively, the work
was conducted pursuant to the additional work provisions of an Administrative Order on Consent
(Index No. CERCLA 1I-50114) dated September 30, 1985 (RUFS Order) entered by a number of
. Potentially Responsible Parties (PRPs). On September 23, 1985, a group of thirty-one other PRPs
was issued a Unilateral Order (Index No. II-CERCLA-60102) that mandated that they fully
participate in the efforts of, and cooperate with, those parties who entered the Administrative Order.

The purpose of this FES is to provide the basis for selection of the remedy for Operable Unit 2 (OU-
2) which is defined by USEPA as the final remedy for the fill and shallow groundwater above the
clay layer underlying the Site. These media were previously addressed via an interim remedy
referred to as the First Operable Unit (FOU). Additional work is being conducted concurrently to
identify the nature and extent of contamination in deeper groundwater. Deep groundwater will be

addressed as part of the Operable Unit 3 (OU-3) in a subsequent remedy selection process.

This FFS summarizes the previous.work conducted at the Site, provides an evaluation of alternatives
as previously presented to USEPA and the New Jersey Department of Environmental Protection (the
Agencies) together with an evaluation of an additional sludge area removal alternative as requested
by the USEPA in March 2001. Detailed analyses are provided in accordance with the criteria
established in the National Contingency Plan (NCP).

1.2 Overview

The 6-acre 216 Paterson Plank Road Site is a former chemical recycling aﬁd wéste processing
facility that ceased operation in 1980 and was placed on USEPA’s National Priorities List (NPL) in
1983. The property is bordered to the southwest by Paterson Plank Road, to the northwest by
Gotham Parkway, to the southeast by a trucking company, and to the northeast by Peach Island
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‘ Creek as shown on Figure 1. A Remedial Investigation (RI) was initiated in 1987 leading to a
USEPA Record of Decision (ROD) in 1990 requiring the implementation of an Interim Remedy (the
FOU). The Interim Remedy was conducted in 1991-1992 and effectively mitigated the principal
threats posed by the Site. The present FFS is beiﬁg conducted at the request of USEPA to provide a

basis for selection of a final remedy for the fill and groundwater above the clay layer.

In accordance with the approved Work Plan, Golder Associates completed Phase I of the FFS,
Development of Remedial Alternatives. On Jaﬁuary 25, 1996, Group representatives and Golder
Associates met with the Agencies and presented the Phase I results that included a summary of
existing data, recommended remedial alternatives for consideration in Phase II of the FFS (Detailed

Evaluation of Alternatives), and data gaps required to be filled to complete the detailed evaluation.

. The subsequent FFSI Work Plan presented a detailed evaluation of the nature of the fill and ex-situ
remedial alternatives. The FFSI Work Plan concluded that Site-wide ex-situ treatment alternatives
should be eliminated from further consideration in the FFS and recommended that in-situ treatment
alternatives be evaluated with particular reference to a sludge area identified in the vicinity of the RI
boring B-1 located in the eastern part of the Site. The highest concentrations of polychlorinated

‘ biphenyls (PCBs) and chlorinated volatile organic compounds (VOCs) detected at the Site were
associated with the sludge material at this location and remediation of this sludge area would yield
orders of magnitude reduction in direct contact risks. The FFSI Work Plan recommended additional
work to identify the nature and extent of this discrete area of sludge material to complete the

evaluation of remedial alternatives.

Following USEPA approval of the- FFSI Work Plan, the field investigation work was completed and
the nature and extent of the sludge area were summarized in the Focused Feasibility Study
Investigation Report (FFSI Report; Golder 1997b). The sludge area was determined to be
approximately 4,000 square feet in area, as shown on Figure 1, and, based upon an average thickness

of 10 feet, to have a total volume of approximately 1,480 cubic yards.

Subsequently, a Treatability Study Work Plan (Golder Associates, 1998a) was prepared and
approved by USEPA to evaluate in-situ treatment technologies for remediation of the sludge area.
The technologies chosen for evaluation during the Treatability Study were:

' ‘ e Air stripping;
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e Solidification/stabilization using portland cement with and without zero-valent iron
amendment; and,

e Solidification/stabilization using organophillic clay with and without zero-valent iron .
amendment.

The results of the Treatability Study are presented in Appendix A and further discussed in Section
5.5 of this FFS.
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2.0 INTERIM REMEDY
2.1 1990 Record of Decision
On September 14, 1990, USEPA issued a ROD selecting an interim remedy (referred to as the FOU)
at the Site based on the Remedial Investigation ( Dames & Moore, 1990), Feasibility Study (FS;
ERM, 1989), and the Baseline Risk Assessment (BRA; Clement, 1990). The ROD defined the FOU
as “contaminated soils and groundwater above the clay layer” and the selected remedy comprised the
following elements:

e Installation of slurry wall around the entire Site;

o Installation of an infiltration barrier over the Site;

¢ Installation of a groundwater collection system and extraction of groundwater from the fill
zone; and

¢ Off-Site treatment and disposal of extracted groundwater.
USEPA determined that the selected Interim Remedy would “reduce the migration of hazardous

substances, pollutants and contaminants out of the first operable unit zone” and be “consistent with

an overall remedy which will attain the statutory requirement for protectiveness.”
2.2 Interim Remedial Measures

The Interim Remedy was designed and implemented by the Group pursuant to an Administrative
Order (Index No. I CERCLA - 00116) dated September 28, 1990. The Interim Remedy consists of
the following:

1. A lateral containment wall, comprising a soil-bentonite slurry wall with an integral high
density polyethylene (HDPE) vertical membrane, which circumscribes the property;

2. A horizontal "infiltration barrier" consisting of HDPE covering the property;

3. A sheet pile retaining wall along Peach Island Creek that was constructed to facilitate
installation of the slurry wall;

4.  An extraction system for shallow groundwater consisting of seven wells screened in the
fill which discharge to an aboveground 10,000 galion holdmg tank via an above grade
header system; and

5. A chain link fence which circumscribes the Site.

Golder Associates
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‘ The design of the Interim Remedy was presented in the Interim Remedy Remedial Design Report
(Canonie, 1991a) and construction occurred between August 1991 and June 1992. The Interim
Remedy construction is documented in the Final Report - Interim Remedy for First Operable Unit
(Canonie, 1992).

The Interim Remedy has been in operation since June 1992 and extracted groundwater is regularly
shipped, via tanker trucks, to the DuPont Environmental Treatment (DET) facility, located in
Deepwater, New Jersey, for treatment and disposal. Between March 1993 and March 1994, the
extraction system was not operational because of pump fouling by free phase product. Subsequent
investigations indicated that free phase product, although present, was not available in recoverable

quantities (Canonie, 1994). Current pumping is focused on groundwater recovery.

: In 1997 and 1998, the Group undertook the following additional cleanup activities (Golder
Associates, 1998b):

e Characterization and off-Site treatment and disposal of the last remaining tank from the
former SCP operation and its sludge contents;

‘ e Characterization and off-Site disposal of Investigation Derived Waste (IDW); and,
e Demolition of a dilapidated building remaining from the former SCP operation.

The Group has also installed and maintained landscaping around the Site perimeter outside the fence

line.

Maintenance and monitoring of the Interim Remedy is conducted pursuant to the USEPA approved
Operations and Maintenance Plan (Canonie, 1991b) and subsequent Agency approved modifications.
Regular Operations and Maintenance reports are submitted to USEPA which contain the following:

1.  Summary of groundwater extraction;

2. Summary of Site inspections and maintenance activities;

3. Groundwater levels; and

4. Groundwater and surface water quality results from the quarterly sampling program.

. To date, over 400,000 gallons of groundwater have been removed from the fill for treatment at DET.

The groundwater within the fill has been lowered approximately 3 feet. Based on water level
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measurements from piezometers within and outside the slurry wall, inward gradients across the
slurry wall are generally maintained, except along Peach Island Creek where the gradient is towards
the Creek.
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3.0 SITE CONDITIONS

The stratigraphy at the Site consists of the following units, from youngest to oldest:

- 1. Man-made fill (FOU);
2. Marine and marsh sediments;
3. Glaciolacustrine varved deposits;
4, Glacial till; and,
5. Bedrock.

The fill typically ranges in thickness from 3 to greater than 12 feet. A meadow mat of peat, organic
silt, and clay intérrnixed with sand is the youngest natural material that underlies the fill. It generally
forms a continuous layer at the Site and can range up to 7 feet in thickness. The meadow mat is
underlain by marine organic grey fine sand, and silt layer, with a relatively uniform thickness of 2
~ feet across the Site. The grey silt is in turn underlain by glaciolacustrine deposits including an upper
| varved clay and a lower massive red clay. The glaciolacustrine unit ranges from 0 feet to 30 feet in
thickness and is underlain by variable glacial till. Brunswick shale bedrock is encountered on-Site at

approximately 60 feet below ground surface.

The following sections provide a brief overview of the pertinent results and conclusions of

investigations conducted within the fill at the Site to date.
31 Summary of RI Data for Fill

Physical Characteristics _

Test pit and boring investigations conducted during the RI (1986-1989) have provided valuable
information which defines the physical characteristics of the fill. Twenty-three test pits and thirty-
one borings were completed. In addition, eighteen soil borings (Canonie, 1991a) were installed
around the perimeter of the Site as part of the slurry wall design investigation. Based on these data,

the following conclusions can be drawn.

1. The fill material consists of a variety of construction and demolition (C&D) debris including
large blocks of reinforced concrete and rock, steel beams, timber, stumps, scrap metal,
fencing, piping, cable, brick, ceramic, concrete masonry block, rock/concrete rubble, etc.
(Dames and Moore, 1990). Finer grained materials such as sands, gravels, silts, clays, and
sludge-like material were identified mixed within the C&D debris. There does not appear to
be any pattern of debris disposal at the Site except that smaller amounts of debris were
detected in the eastern portion in the vicinity of RI boring B-1. C&D debris was present in
every test pit except for one which was terminated at a shallow depth (approximately 2 feet)
due to high VOC levels.
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’ 2. Previous estimates have indicated that between 50 and 80 percent of the fill volume consists
of C&D debris (ERM, 1989). Golder Associates carefully reviewed the Test Pit Study
Report (Dames and Moore, 1989) and photographs of subsurface material and has revised
the previous estimates to about 60% (i.e., approximately 60% of the fill material is C&D
debris and the remaining approximately 40% consists of finer grained particles within the
C&D debris). The C&D debris fraction ranges in size with some pieces greater than several
feet. A large portion of the C&D debris fraction is estimated to be greater than 6 inches in
minimum dimension.

3. During the construction of the slurry wall, excavated debris was disposed into a temporary
slurry hydration pond built on-Site as part of the Interim Remedy construction. In addition,
the above ground debris piles and building remnants were graded beneath the IRM cover.
Both of these activities are expected to have increased the already high proportion of C&D
debris identified during the RI studies.

4. The standard penetration test data (blow counts) recorded from the Remedial Investigation
boring program indicate that the large majority of blow counts are greater than 50 per foot.
Many are reported greater than 100 per foot and as high as 200 per foot. For comparison,
the blow counts for a compact coarse grained soil typically range from 10 to 30 per foot.
These data again suggest that much of the material encountered in the borings consists of
debris and there does not appear to be any particular pattern of placement. The lowest blow
counts were measured at boring locations MW-7D and B-1 that were generally less than 10
per foot. At location B-1 penetration of the sludge-like material encountered occurred under
the self-weight of the equipment (zero blow counts).

‘ 5. A review of historical aerial photographs indicates that between the late 1960s and 1980,
two ponds existed at the eastern comer of the Site in the vicinity of borings B-1 and MW-
7D. As noted above, borings B-1 and MW-7D exhibited some of the lowest blow counts
recorded at the Site.

Chemical Characteristics

During the remedial investigation, 34 soil samples were collected within the fill from 17 boring
locations (Dames and Moore, 1990). Boring locations were biased toward potential source areas as
identified in aenal photographs and former operation areas. Samples were collected from each
boring at two intervals: 0 to 2 feet (surface) and 5 to 6 feet (subsurface). The samples were analyzed
for volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), pesticides,

PCBs, and metals.

A number of chemical constituents were detected, primarily VOCs, SVOCs (generally polynuclear
aromatic hydrocarbons or PAHs), a small number of pesticides, PCBs, and metals. While the
maximum detected concentration of some of these constituents is elevated (e.g., 15,000 mg/kg PCB
at the surface interval in boring B-1), most constituent detections are less than the USEPA
‘ preliminary remediation goals (PRGs; USEPA letter dated November 19, 1993). Table 1 provides a
summary of the number of constituent concentrations which were detected above the USEPA PRG.
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With respect to the PCB results, only two other boring locations besides B-1 exhibited PCB
concentrations in excess of 100 mg/kg (boring MW-3S, two detections up to 290 mg/kg, and boring
MW-2D, one detection at 350 mg/kg). All other PCB detections (30 of 34 samples) were less than
100 mg/kg i.e., at least two orders of magnitude less than the PCB concentration detected at B-1.
Boring B-1 also exhibited the highest levels of VOCs as well as elevated concentrations of copper

and lead.

It is important to note that the PCB concentration detected in boring B-1 (15,000 mg/kg) accounts
for about 97% of the total estimated carcinogenic risk at the Site for both current and potential
future surface soil exposures (Clement Associates, Inc., 1990). Clearly, PCBs at boring location
B-1 are driving the potential Site risks. It is important to note that the estimated risk is presently
being mitigated by the interim remedy cover installed at the Site and the final remedy proposed in

. this FFS will permanently address this risk.
3.2 Sludge Area Investigation

The sludge area investigation was conducted pursuant to the FFSI Work Plan (Golder, 1997a) and
was designed to gather data on the nature and extent of the potential sludge area in the vicinity of RI
boring B-1. Geophysical and soil boring techniques were used and the results of the investigation

were presented in the FFSI Report (Golder, 1997b).

In summary, the investigation confirmed the presence of a discrete area of sludge in the eastern

portion of the Site with the following general characteristics:

e The sludge area is approximately 4,000 ft* in areal extent and consists predominately of
sludge material and fine grained soil with little debris. A surficial layer of fill approximately
0.5 to 8 feet thick overlies the sludge and, based on an average thickness of 10 feet, the
volume of sludge is approximately 1,480 cubic yards.

e The chemical characteristics for the sludge area include the highest VOC and PCB
concentrations detected anywhere on-Site.

Total VOC concentrations ranged from 1,765 mg/kg to 36,320 mg/kg and PCB concentrations
(Aroclor 1242) ranged from 49 mg/kg to 1,400 mg/kg in the 1997 investigation'.

! Significantly, the single PCB result of 15,000 mg/kg reported in the RI has never been replicated. All
other RI and subsequent results are at least an order of magnitude lower.
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4.0 REMEDIAL ACTION OBJECTIVES

The overall purpose of the OU-2 remedy is to provide long-term contaminant source control
through a combination of treatment and containment. Specific Remedial Action Objectives

(RAQs) are as follows:

e Mitigate direct contact risk and leaching of contaminants from the fill and sludge;

e Mitigate the toxicity and mobility of the “principal threat” sludge contaminants via
treatment;

e Provide hydraulic control by maintaining groundwater levels within the slurry wall below
the corresponding levels in piezometers outside the slurry wall, and treat the extracted

groundwater; and,

e Perform remediation in such a manner that allows site re-use for commercial purposes.

? «“Principal Threat” refers to source material that is highly toxic or highly mobile and acts as a reservoir for
migration of contamination. The NCP establishes an expectation that EPA will use treatment to address the
“Principal Threat” wherever practicable (40 CFR 300.430(a)(1)(iii)(A)).
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5.0 SCREENING OF SOURCE CONTROL ALTERNATIVES

5.1 No Further Action Alternative

For consistency with the NCP, a No Further Actioﬁ alternative has been evaluated.

The No Further Action Alternative would consist of maintaining the current Interim Remedy as
described in Section 2.2 with ongoing operation, maintenance, and monitoring. In terms of the
RAOs, the Interim Remedy currently mitigates the direct contact risk at the Site via the existing
HDPE geomembrane and perimeter security fence. The HDPE geomembrane also functions to
minimize infiltration into the fill and the leaching of contaminants to groundwater while the
slurry wall provides a horizontal barrier to lateral migration of contaminants from the fill.
Similarly, the groundwater extraction system functions to maintain substantially inward gradients
:across the slurry wall to further mitigate lateral migration of contaminants. Extraction and off-
Site treatment of groundwater reduce the volume of contaminants within the groundwater and

also address the statutory preference for treatment.

However, the No Further Action Alternative does not address the toxicity and volume of
contaminants in the fill, notably, the sludge area identified in the eastern part of the Site.
Furthermore, the No Further Action Alternative would leave the existing HDPE geomembrane
cover in-place. The existing geomembrane has not had a soil cover since installation in 1992 and
was not constructed as a permanent cap. Thus, it will be subject to deterioration over time.
Similarly, the No Further Action alternative would leave the existing temporary sheet pile wall
along Peach Island Creek in its current condition. The sheet pile wall was installed during the
Interim Remedy as a temporary -structure to facilitate installation of the slurry wall and is
significantly inclined towards Peach Island Creek, necessitating regular monitoring and limiting
future use of the property. Finally, No Further Action does not provide the flexibility for

beneficial end-use of the Site.

In summary, the No Further Action Alternative would meet many of the RAOs but cannot be

considered a permanent solution and, as such, this alternative has been eliminated.
5.2 Site Wide Excavation /Ex-situ Treatment Alternative

The implementability of Site wide excavation (to be followed by ex-situ treatment on or off-Site)

was previously evaluated as reported in the FFSI Work Plan (Golder Associates, 1997a).
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Significant impediments to implementation, as well as short-term effectiveness concerns, were

anticipated, as detailed below:

Excavation Processes

1. Due to the heterogeneous nature and large size of debris, significant manual work would
be required to separate materials during excavation. This would pose significant worker
safety concerns and would slow production rates.

2. Numerous excavated material stockpiles would have to be created for the various
material types, sizes, conditions, and chemical characteristics. Separate stockpiles would
be necessary for the following categories of material: large size debris suitable for size
reduction; large size debris unsuitable for size reduction; saturated fill; unsaturated fill;
rubber and plastics; metal (cable, wire, pipe, etc.) and predominantly small grain size fill.
Certain debris may be further divided into individual stockpiles (e.g., reinforced concrete,
large timber, tires, etc.).

3. Due to the variety of debris that will be encountered, several types of heavy equipment
would be needed for excavation, including backhoes, cranes, dump trucks, flat beds,
support vehicles, etc. Staging, decontamination, and refueling stations would be
required.

4, Extensive dewatering would need to be conducted prior to or during any excavation
activities. Notwithstanding the dewatering efforts which form part of the Interim
Remedy, it is expected that near saturated conditions will remain and pockets of saturated
material would be present. Saturated excavated materials would need to be drained prior
to further material separation/stockpiling/handling; a process which may take days to
weeks. These conditions are expected to slow and complicate the excavation process,
and present additional safety hazards for workers. '

5. Numerous physical hazards to workers would exist associated with the handling of the
heterogeneous/large size debris, slippery conditions, and working in cumbersome Level
B personnel protection. The net effect of these conditions would be to slow excavation
progress and put workers and off-Site receptors at an increased health and safety risk.

6. Very limited space is available to conduct the required activities, further complicating the
process. '

7. Extensive decontamination (both personnel and equipment) would be required to
minimize the spread of contaminants on-Site and off-Site. Implementing these activities
will further complicate and slow the excavation and material handling progress.

8. Control of VOC vapors, dust, and odors and extensive air monitoring would need to be
provided.

9. Control of precipitation run-on into excavation/material handling areas and precipitation
run-off from these areas would need to be provided to protect both nearby human and
ecological receptors.
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Excavation Stability

The soft soils (meadow mat, silts and clays) immediately underlying the fill are cause for further
concern with respect to excavation. The meadow mat layer (soft silt and clays, high in organic
content) has low shear strength based on the low recorded blow counts (on the order of 2) and

laboratory testing results.

In order to protect the integrity of the existing slurry wall, a stable excavation side ;1_0pe angle would
need to be maintained. The slurry wall is a non-structural feature and failure of the excavation side
slope would cause a corresponding failure of the adjacent section of the slurry wall. Preservation of
the slurry wall is an essential component of any remedial action since, as USEPA noted in its 1990
ROD for the Site, “The elements of the interim remedy are prerequisite components of a permanent

remedial action for the first operation unit zone.”

A preliminary excavation stability analysis was conducted for three different side slopes angles. The
analysis showed that an excavation side slope angle of four horizontal to one vertical (4H:1V) would
be required for stability even under temporary, short-term construction conditions. Considering a
4H:1V side slope angle, together with a 5-foot buffer zone to protect the slurry wall, approximately
16,000 cubic yards, or about 18% of the FOU fill, would have to be left in place to protect the slurry

wall, thus reducing the effectiveness of the remedy.

Because of the large volume of FOU fill that could not be excavated, the use of a sheet pile wall to
support the excavation was considered as a means to increase the potential excavation volume.
However, a sheet pile wall cannot be successfully used to stabilize the slurry wall during FOU fill

excavation for the following reasons:

1. Due to the amount and large nature of debris, a sheet pile wall could not be installed through
the debris without excavation (as was necessary to install the existing sheet pile wall along
Peach Island Creek, which was constructed prior to the slurry wall). Excavation of debris
adjacent to the slurry wall could cause failure of the surrounding soil and damage to the
slurry wall.

2. Low-strength clay soils (glaciolacustrine varved unit) underlie the meadow mat layer. To
provide adequate stability for the wall, the sheet piles would likely need to be driven through
the low permeability confining unit and into the underlying till. However, penetrating the
clay confining unit could create a downward migration pathway for constituents contained
within the fill, (i.e., the existing containment system would be compromised and additional
spread of contamination could result). Such migration could be exacerbated by the
downward hydraulic gradients that exist between the fill water and the underlying
groundwater unit.

Golder Associates

400018



April 2001 -14- 943-6222

In summary, the geotechnical limitations are such that a significant volume of fill could not be

removed without jeopardizing the integrity of the existing containment system.

Material Handling

In order to prepare material for off-Site disposal, significant material handling would be required:

1. Multiple screening steps would be required to provide adequate separation of FOU fili
debris and would include, at a minimum, manual separation, magnetic separation, and
various types of screening (e.g., vibratory and inclined).

2. Multiplé ‘stockpiles, including material loading and unloading areas, would be required to
be maintained prior to and after most of the material handling steps.

3. Size reduction (crushing, shredding, and manual cutting) and further material separation,
screening, and stockpiling would be required for a large portion of the debris.

4. Significant worker safety issues (physical and chemical hazards), air monitoring,
decontamination, control of VOC, dust and odors, and protection of nearby receptors
during material handling activities would be a major concern.

5. Insufficient space exists on Site to manage the multiple waste streams and stockpiles that
would be required.

VOC/Dust/Odor Controls

Previous consultants (ERM, 1989) concluded that over 99.9% of the VOC and dust emissions
from the Site would need to be controlled to protect a worst-case nearby off-Site receptor. This
control requirement is based on the approximate emissions generated as a result of only limited
excavation/material handling activities (one backhoe, one truck, and loading/unloading). Many
of the dynamic material handling steps that would be required as part of an excavation alternative
were not considered. In addition to the human health risks associated with VOC and dust
emissions from the Site during excavation and material handling, nuisance odors are also likely to
be a concern since the Site is located in a developed areca. Because of the material handling
requirements, which would result in increased emissions and a corresponding increase in the
degree of controls required, it is probable that the excavation and material handling activities for
the entire Site would need to be conducted within an enclosed structure.> Emissions from the

enclosure would require treatment prior to being discharged to the atmosphere. The additional

3 USEPA (1992) has shown that foams and other engineering controls are not effective means of
controlling VOC emissions from dynamic material handling processes of the types involved in this
instance.
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. difficulties associated with conducting the excavation and material handling activities within an

enclosure are numerous and include the following:

1. Large and likely multiple enclosures would be required to contain emissions from the
" numerous excavation and material handling steps; construction and maintenance of such
enclosures on such a confined site would be extremely complex.

2. The rate of ventilation (and corresponding treatment) would need to be properly sized to
prevent buildup of VOC vapors, and prevent buildup of explosive gas mixtures. USEPA
has shown that the required ventilation rates can be higher than expected to provide the
necessary level of protection (USEPA, 1992).

3. Additional VOC, carbon monoxide, and particulates would be emitted by heavy
equipment (diesel engine exhaust) operating within the enclosure, which would
exacerbate health and safety risks.

4. The risks associated with damage, leakage or rupture of the enclosure and decreased
efficiency or failure of emission control equipment leading to releases of VOC and odors
to the atmosphere are very significant.

Summary
Site-wide excavation and ex-situ treatment processes were eliminated because of implementability

‘ and short-term effectiveness concems arising principally from the following factors:

1. Material handling and treatment problems caused by heterogeneity of the fill material and
the presence of large volumes of massive rubble and debris;

2. Inability to reliably control VOC and odor emissions during excavation in an urban area
bounded by public streets, thereby placing nearby receptors at unacceptable risk;

3. Very limited space on-Site to accommodate ex-situ material handling processes and multiple
waste streams;

4. Geotechnical limitations on the extent of excavation while protecting the integrity of the
existing slurry wall; -

5. Serious concerns for worker health and safety as a result of having to work in enclosures,
in Level B protective equipment, operating heavy equipment and performing manual
work in crowded, slippery, and reduced visibility conditions.

53 Sludge Area Excavation /Off-Site Treatment Alternative

This removal alternative has been evaluated at the request of the ‘USEPA and focuses on
‘ evaluating the feasibility of excavating the sludge area only. Many of the significant

impediments to implementation, as well as short term effectiveness concerns discussed in Section
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5.2 would also apply to this removal alternative. A more detailed evaluation of these issues is

presented in Section 8.

The main elements of the excavation and off-Site treatment alternative are as follows:

Excavation

A preliminary geotechnical evaluation was performed to assess the type of construction that
would be needed to provide a stable excavation, protect the integrity of slurry wall (which is
within 10 feet of the sludge at some locations) and limit the potential for vertical migration of

contaminants to the underlying till and bedrock units.

Based on this evaluation (see Appendix B), an internally braced excavation system (IBES) would
- be required to meet these requirements and avoid penetrating the clay layer that is less than 5 feet
in thickness. A conventional cantilevered retaining wall system was evaluated but the required
embedment depths would exceed the depths of the underlying clay unit and provide a vertical
migration pathway for contaminants. The components of the IBES would include steel
interlocking sheet piling, steel whalers to transfer loads, and at least two levels of steel cross-
braced struts. The entire sludge area could not be excavated together but would have to be
divided into approximately three separate “cells”. An IBES would be installed in each cell and
the cells would be excavated and backfilled in series so that only one cell would be open at a

time.

A portion of the sludge material is located below the water table. Dewatering activities would be
conducted prior to and during the excavation activity with off-Site treatment and disposal of the
groundwater. It is estimated that approximately 15,000 gallons of contaminated groundwater

would be generated during excavation activities.

VOC, Dust and Odor Control

During excavation, VOC emissions, dust emissions and odor would need to be rigorously
controlled to protect nearby off-Site workers and the general public. To achieve the greatest
control, excavation activity would likely need to be completed within a fully enclosed structure so
that VOC and dusf emissions could be collected and treated prior to discharging to the
atmosphere. Risks to workers on-Site, off-Site and to the general public would be elevated even

in the presence of the best available controls, as described further in Section 8. Captured VOC
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emissions would be treated using appropriate technologies such as catalytic oxidation or phase

activated carbon absorption. The air treatment method would need to be determined during the

design.

Transportation, Treatment and Disposal

Approximately 2,400 cubic yards of material (including sludge and overlying fill) will be
excavated from the sludge area. Waste profiling and formal acceptance by tbe_ disposal facility
will be required prior to final loading of the excavated material into closed boxes for transport by
truck and/or rail over 1500 miles to the nearest available treatmént and disposal facility.
Incineration of the sludge material will be required because of the concentrations of PCBs, and
currently only two facilities nationwide, both in Texas, are permitted to accept such waste (see
Appendix E). Staging and loading of the material will need to be completed in an enclosed
. structure to mitigate off-Site risks (control VOC emissions to the atmosphere) and addition and
mixing of stabilization agents is expected to be required so that the material will pass the paint

filter test as stipulated by the disposal facilities.
54 In-Situ Treatment Alternatives
The following in-situ treatment alternatives were evaluated:

e Solidification/stabilization;
e Bioremediation; and,

e Thermal desorption.

Site-wide application of these technologies was evaluated with technology experts retained by the
Group and eliminated on the basis of implementability problems due to the condition of the fill
material, as discussed above. In-situ bioremediation of the sludge area was also eliminated because
the high contaminant concentrations present would preclude biological treatment. In-situ thermal

desorption of the sludge area was evaluated in detail as described below.

In-situ thermal desorption of the sludge would be achieved via installation of thermal wells,
consisting of a perforated outer steel casing and interior heating element, in a closely spaced
triangular pattern throughout the area. A heat resistant silica blanket would also be placed over
the area forming a seal to minimize losses of VOC and steam, as well as to reduce intrusion of

atmospheric air. The wells and an approximately 6-inch wide concentric halo would be heated to
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1,400° F. Heat propagating throughout the area would first vaporize moisture, and then increase
sludge temperatures to around 450°F (about 2/3™ of the boiling point of PCBs). A modest
vacuum (3 to 5 inches water) would be applied to each well in the system to remove vapors.
Extracted vapors would be treated by an indifect fired thermal oxidizer at ground surface

followed by a heat exchanger and a vapor phase activated carbon (VPAC) system.

Evaluation with technology vendors revealed the following implementability and effectiveness

concerns with this technology:

1. The high moisture content of the sludge would lead to greatly extended treatment times
since virtually all moisture must be vaporized before sludge temperatures increase and
allow contaminant desorption. Visible steam emissions would also be significant, given
the prominent position of the Site at the intersection of two busy roadways.

2. Preliminary calculations indicated that large quantities of Hydrogen Chloride (HCI)
would be generated, giving rise to the following concerns:

e HCI could react with metals forming more soluble compounds (salts) that would
be more mobile;

e Condensation of HC] anywhere in the system is expected to cause significant
corrosion problems; and

o Potential HC] emissions would likely require the addition of a scrubber to the
treatment train.

3. Well spacings would need to be very small to achieve adequate vapor extraction through the
low permeability studge.

4. Thermally treating the high levels of total organic carbon in the sludge (associated with oil
and grease) would cause ash and/or coke buildup around the wells. This, in turn, could
“blind” the wells, or at least significantly reduce the overall efficiency of the wells to extract
vapors and control potential releases at the surface.

5. The treatment temperatures would cause vaporization of metals which could, in turn, poison
the thermal oxidizer resulting in poor treatment performance.

6. The technology is relatively new and innovative and has not been used in similar field
conditions. As a result, a field pilot test would be required to establish its feasibility.

This evaluation lead to elimination of in-situ thermal desorption for the sludge area.

Following USEPA’s concurrence with this initial screening, and completion of the sludge area
investigation, the Group proposed a sludge treatability investigation (Golder Associates 1998a)
focusing on in-situ air stripping and solidification/stabilization. Following USEPA approval of the

work plan, the treatability study was undertaken as discussed in the following section.
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I 55 Treatability Study for Sludge Area

As described in the approved Work Plan (Golder Associates, 1998a), the broad objectives of the
treatability study were to:

e Evaluate the effectiveness of in-situ air stripping for reducing VOC concentrations prior to
introduction of the various solidification/stabilization (S/S) agents;

o Identify formulations using cement-, lime- and clay-based S/S agents that will provide
reasonable bearing strength and physical characteristics consistent with potential future Site
use;

¢ Evaluate the reduction in total constituent concentration achieved by selected S/S agent
formulations;

e Evaluate the reduction in constituent mobility provided by selected S/S agent
formulations through the Synthetic Precipitation Leaching Procedure (SPLP); and

e Evaluate whether zero-valent iron amendment can provide additional treatment of
chlorinated organics.

‘ The treatability testing was conducted in four phases:

Phase I — Field Sampling and Baseline Characterization: This phase involved the
collection of sufficient volume of material from the sludge area to support the treatability
testing; homogenization of the sludge material in the laboratory; chemical testing of the
material including total and SPLP analysis for VOCs and PCBs and physical testing to
establish baseline conditions.

Phase II — Screening Tests: This phase involved identifying various cement, lime, and/or
clay additions and conducting associated strength testing to produce the necessary physical
properties of the solidified mass.

Phase III - Intermediate Tests: This phase involved separate evaluations of the
effectiveness of air stripping and the chemical effectiveness of the mixtures identified in
Phase II with and without iron amendment. Analytical and strength testing was conducted at
this stage to compare concentrations of VOCs and PCBs in the various mixtures to evaluate
the reduction in the toxicity, mobility and volume.

Phase IV — Verification Tests: This phase involved venfying treatment trains(s) identified in
Phase III to evaluate the overall level of treatment that will be provided. Testing included
chemical and physical properties.

A brief description of the results from Phases I through IV is presented below. A detailed report
from the treatability laboratory Kiber Environmental Services, Inc. (Kiber) of Norcross, Georgia is
‘ included in Appendix A.
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Phase I — Field Sampling and Baseline Characterization

Sludge samples for treatability testing were collected on November 1 and 2, 1999. The samples were
collected in the area of borings GB-06 and GB-07 that was found to have the highest PCB and VOC
_concentrations in the previous investigation. A total of three borings were drilled using 10.25”ID
hollow stem auger. Approximately 20 gallons of sludge was collected from the drill cuttings and
placed in 2-gallon buckets, which were then overpacked in 5-gallon steel buckets, sealed, and

shipped, under chain-of-custody, to the treatability laboratory.

The samples were homogenized in the laboratory and three samples were collected for analytical

and physical testing. These “parent material” results are summarized below:

Untreated Parent Sample Concentrations
(ppm)
A B C

Total VOCs* 31,270 24,077 33,794
TCE 8,800 6,800 9,500
PCE 6,600 4,900 7,100
PCBs 630 330 990
Total Pesticides 4.7 9.6 13
Total Arsenic 13 13 18
Total Lead 860 770 1,200
Chloride 1,200 2,700 5,700
Ignitability (°C) 35 39 39
Moisture Content, Dry Basis (%) 58 62 59
pH (Std. Units) 8.9 9.2 9.1
Bulk Density (1b/ft’) 95 95 95
Bulk Specific Gravity 1.5 1.5 1.5

The average total VOC concentration of the three parent samples was 29,714 ppm which is
comparable to the highest total VOC concentrations reported for samples collected during the
FFS Investigation. Full TCL VOC analyses were conducted; PCE and TCE concentrations are
specifically identified in the above summary since previous data indicated they exceeded Site
PRGs. The PCB results (all Aroclor 1242) are comparable to the average concentrations detected
during the FFS Investigation. Dieldrin was the only pesticide detected.

* Extended VOC list as defined in EPA SW-846 Method 8260 (December 1996)
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Parent material samples were also subjected to SPLP and the analytical results are summarized

below:
SPLP Concentrations for Untreated Parent Samples (ppm)
A B C
Total VOCs* 236 241 237
TCE 84 89 86
PCE 14 15 16
PCBs 5 ' 3.3 4.4
Total Pesticides 0.06 0.043 0.045
Total Arsenic <0.10 <0.10 <0.10
Total Lead 2.6 3.2 3.6

The SPLP results are important for comparison to the corresponding post-treatment results to

assess the reduction of mobility of the constituents.

Phase II — Screening Tests

A total of 12 mixes of cement, cement and clay, and cement and lime were developed based on
Kiber’s previous experience. The organophillic clay used for testing was manufactured by
RHEOX, Inc. of Hightstown, New Jersey. Unconfined compressive strengths were estimated
using a pocket penetrometer at various intervals through 21 days of curing. Unconfined
compressive strength tests (ASTM D2166) were run following a 21-day cure time on eight of the
samples based on the pocket penetrometer results and visual condition of the samples. The

various mixes and results of the strength tests are summarized in the table below.

21 Day
21-Day
: Reagent Water | Penetrometer | Moisture | Bulk Dry UCs
Reagent Type Addition | Addition Strength Content | Density | Density | (lbs/in’)
(%) (%) Testing (%) (Ibs/f?) | (Ibs/f)

(tons/ft’)
Type I Portland 10 8 1.5 42 101 71 14
Cement
Type I Portland 20 16 1.0 44 100 69 11
Cement
Type I Portland 30 17.5 0.5 -- -- -- --
Cement
Type I Portland 40 20 2.0 41 107 76 11
Cement
Type I Portland 50 25 2.5 37 106 77 14
Cement
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Type I Portland 20/3 16 1.5 44 102 71 14
Cement/
Organophillic Clay

Type I Portland 40/3 28 0.5 - - -- -
Cement/
Organophillic Clay

Type I Portland 20/5 25 0.5 51 97 64 6
Cement/
Organophillic Clay

Type I Portland 40/5 27 1.0 44 101 70 12
Cement/
Organophillic Clay

Type I Portland 40/7 30 1.0 - -- - -
Cement/
Organophillic Clay

.| Lime

Type I Portland 10/10 27.5 0.5 - - - -
Cement/ Hydrated

Type I Portland 20/20 40 0.5 52 95 63 15
Cement/ Hydrated
Lime

Although the various reagent types resulted in relatively low strengths, it should be noted that the
waste material tested has a very high organic content. Air stripping of the material, which will
reduce the organic content of the waste material, along with a longer curing time, results in

greater strength for the stabilized material (see below).

Phase III — Intermediate Tests
Phase III consisted of two separate parts, air stripping and evaluation of selected mixtures for

physical and chemical testing. The results are summarized below.

Air Stripping

Air stripping was conducted to evaluate the potential for full-scale in-situ air-stripping treatment to
reduce the total concentration of volatile organics prior to stabilization/solidification. Air stripping
was performed in an airtight mixing chamber using a Hobart-type mixer with the injection of air to
promote volatilization. Initial samples of the sludge material were obtained and after 10, 30, 60 and
120 minutes of air stripping treatment. The sarhples were tested for total VOCs. The results are
summarized in the table and chart below. A 90% reduction in total VOCs wa§ achieved after 120

minutes of air stripping. As a result, in-situ air stripping was carried forward into Phase IV.
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Sludge Concentrations (ppm) following air stripping for:
0 min 10 min 30 min 60 min 120 min
Total VOCs 26,673 12,365 7,593 4,538 2,562
TCE 8,000 2,600 1,200 560 260
PCE 5,800 2,900 1,800 1,100 610

Concentrations of Air Stripping Samples

30000 - 26673

4538 SEED

Total VOCs in Sludge

Total VOCs

Time [minutes]

E10MIN m 10MIN O 30MIN [160MIN m 120MIN | Treatment Time

Three carbon cartridges were placed in series to capture VOC emissions. VOC concentrations were

measured in the carbon, however breakthrough occurred for all units.

Mixture Testing

The following four mixtures were separately evaluated in Phase III (based on the Phase II results

summarized above):

10% Portland Cement

20% Portland Cement/3% Clay

20% Portland Cement/5% Clay

10% Portland Cement/10% Hydrated Lime

RSN

Each mixture was tested separately with and without zero valent iron amendment. The iron was
added at a rate of 5x the stochiometric amount required for dechlorination of all chlorinated
VOCs and PCBs based on the results of the Phase I testing (about 10% iron by weight). The iron
selected was a fine-medium gradation supplied by Connelly — GPM, Inc.
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Four aliquots of the parent material were selected for testing. The material was tested for Total and
SPLP VOCs and PCBs, and total chloride for the untreated and treated samples following a 21-day
curing period. Unconfined compressive strength was also performed on the treated samples. For
those samples amended with iron, the iron was added to the sample and. allowed to react in a sealed
container for 3-days prior to adding the cement/clay/lime. In order to directly compare samples with
and without iron, the non-iron samples were given a similar level of mixing and also allowed to sit

for 3 days prior to the cement/clay/lime addition.

Unconfined compression strength test results for the cured samples ranged from 23 to 49 psi, well
above the goal of 15 pSi established in the Work Plan. However, the total constituent analyses
were largely inconclusive because of the high degree of non-homogeneity as reflected in the
variability of the untreated sample results (see Appendix A). The SPLP analyses indicated
. substantial reductions in PCBs and VOCs, with the 10% cement/10% lime mixture generally
being the most effective. The cement/clay mixtures appeared generally less effective than cement

or cement/lime.

Phase IV - Verification
The scope of Phase IV testing was expanded and enhanced from that included in the Work Plan
to repeat some of the total constituent analyses from Phase III. Phase IV Verification Testing was

performed using the following solidification/stabilization reagents:

10% cement;

10% cement with iron amendment;

10% cement / 10% lime; and,

10% cement / 10% lime with iron amendment. -

In order to confirm that the untreated material was reasonably homogeneous and representative, two

samples were tested for total VOCs and PCBs on a quick turnaround basis with the following results:

Untreated Sample Concentrations (ppm)

A B
Total VOCs (ppm) 23,578 31,334
TCE (ppm) 6,900 9,100
PCE (ppm) 5,200 6,300
PCBs (ppm) 580 600
Total Pesticides (ppm) 0 0
Total Arsenic (ppm) 12 11
Total Lead (ppm) 810 750
Chloride (ppm) 9,400 10,000
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SPLP Concentrations for Untreated Samples (ppm)

A B
Total VOCs (ppm) 233 400
TCE (ppm) 87 130
PCE (ppm) 15 55
PCBs (ppm) .058 051
Total Pesticides (ppm) 0 0
Total Arsenic (ppm) .027 .055
Total Lead (ppm) 0.94 1.6

The average total VOC concentration of the two parent samples was 27,456 ppm, which is
consistent with the Phase I parent sample analyses and is comparable to the highest total VOC
concentrations reported for samples collected during the FFSI. The PCB results (all Aroclor
1242) were comparable to the Phase I and Phase III parent concentrations although somewhat less

than the maximum reported field concentration.

Following verification that the parent material was acceptable, Kiber proceeded to the next step in
Phase IV testing. Four aliquots of sample were subjected to bulk atr stripping for two hours in a
fume hood. Once air stripping was completed, iron filings were mixed into two of the aliquots
and allowed to react for three days. In order to compare samples with and without iron, the two
sample aliquots without iron addition were given a similar level of mixing and also allowed to sit
for the three-day period prior to mixing with S/S reagents. Once the reaction time was complete,
a sample of each mixture was submitted to the laboratory for analysis of Total VOCs, Total PCBs
and Chloride. These analyses are shown on Table 2. The data are presented as reported by the
laboratory and adjusted for reagent dilution. The data, adjusted for reagent dilution, have been
reported for the purpose of interpreting the underlying level of treatment achieved from the
treatability study. The data reported by the laboratory are representative of concentrations of
constituents in the actual stabilized sludge material and are appropriate for considering risk from
exposure to the treated material. These results demonstrate that air stripping is an effective means
for removing VOC mass from the sludge material. Total VOC removal varied between 79% to

94% after air stripping for a two hour period in both Phase III and Phase IV.

Following the 3-day period, Kiber added the appropriate S/S materials to the four mixtures and
allowed them to cure for 28 days. Samples of the cured materials were collected and submitted to

the laboratory for the following analyses:
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VOCs (Total Constituent and SPLP);
PCBs (Total Constituent and SPLP);
Pesticides (Total Constituent and SPLP);
TAL Metals (Total Constituent and SPLP);
Total Chloride; and,

Ignitability.

The results of these analyses are summarized in Tables 3 and 4 for total constituent and SPLP
analysis, respectively. Results are presented as reported by the laboratory and adjusted for

reagent dilution, as discussed above.

Following 28 days of curing, samples of the cured material were tested for Unconfined

Compressive Strength with the following results:

Following 28 Day Cure
28 Day Cure
Reagent Water Volumetric |Moisture Bulk Dry ucCs
Reagent Type Addition | Addition | Expansion |Content | Density | Density | (Ibs/in?)
(%) (%) (%) (%) (Ibs/RY) | (Ibs/f))
Type I Portland 10 5 4 29 105 81 71
Cement
Type I Portland 10 4.5 7 22 113 92 84
Cement with Iron :
Addition
Type I Portland 10/10 17 32 30 92 71 53
Cement/ Hydrated
Lime
Type I Portland 10/10 15 32 31 102 79 42
Cement/ Hydrated ‘
Lime with Iron
Addition

All results were well above the goal of 15 psi and exceeded those obtained during Phase II and
Phase I testing. The additional curing time and air stripping the waste material prior to reagent

addition appears to have a positive effect on the strength of the S/S material.

The Phase IV Total Constituent Analyses (Table 3) indicate that air stripping followed by
stabilization with any of the four mixtures is effective for treatment of VOCs. However, the addition
of lime appears to modestly inﬁprove remediation of the PCBs. The addition of iron has not been
conclusively shown to provide any added benefit for the treatment of VOCs; although some
additional reductions were apparently realized in PCB concentrations. However, the chloride data

does not confirm dechlorination of VOCs and PCBs by the iron amendment.
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Based upon the Phase IV SPLP chemistry results (Table 4), the 10% cement/10% lime mixture
provides enhanced treatment for VOCs as compared to cement only. However, there was no
appreciable difference in the treatment of PCBs. Improved treatment by the iron amendment also

could not be confirmed.

Conclusion

The treatability study results indicate that air stripping followed by solidification/stabilization
with either 10% cement or 10% cement/10% lime is an effective treatment for the sludge. In both
cases, total VOCs and SPLP VOCs are reduced by around 95%. SPLP PCBs are reduced by in
excess of 95%. The addition of lime may improve the treatment of PCBs (to 99%), although

amendment with iron was not conclusively shown to provide additional treatment.

- USEPA formally approved the results of the Treatability Study in a letter dated January 31, 2001.
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6.0 RETAINED SOURCE CONTROL ALTERNATIVES

6.1 Overview of Retained Alternatives

Two specific source control alternatives, as described below, have been retained at the request of
USEPA. Both alternatives satisfy the Remedial Action Objectives defined in Section 4 and
provide consistency with the existing Interim Remedy in accordance with the requirements of the
1990 ROD. In addition, both alternatives are consistent with potential future remedies for OU-3

(deep groundwater). Each of the alternatives includes the following common elements:

e A cover system within the limits of the existing slurry wall to mitigate risk via the direct
contact pathway, minimize infiltration and leaching of the fill, and provide flexibility for
future Site re-use for commercial purposes;

e Shallow groundwater extraction to provide hydraulic control by maintaining groundwater

levels within the slurry wall below the corresponding levels in piezometers outside the slurry
wall, together with off-Site treatment of the extracted groundwater;

e Enhancements to the existing streambank to provide a long-term stability consistent with
potential future commercial use of the Site and to improve aesthetics;

e Maintain key elements of the existing Interim Remedy including the existing slurry wall
to provide lateral containment and mitigate contaminant mobility. The existing
groundwater extraction system and cover will be enhanced as described above;

e Institutional controls through the implementation of deed restrictions on the use of the
property; and,

e Post construction monitoring and operation and maintenance to ensure the continued
integrity and functioning of the remedy.

The Retained Altemnatives differ in the manner with which the toi(icity and mobility of the sludge

1s address, as follows:

1. Excavation and off-Site treatment; and,

2. In-situ treatment.

The individual components of the retained alternatives are described in detail in the following

sections. An evaluation of the alternatives against the NCP criteria is provided in Section 8.
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6.2 Cover

The cover system will be designed, constructed and maintained to meet the substantive
requirements of RCRA Subtitle C (40 CFR 264.310). The cover system will be designed to
provide flexibility for the potential end-use of the Site for commercial purposes. As such, two
preliminary cover.sections have been identified, a vegetated surface option and an asphalt surface
option. Conceptual cross-sections for each system are illustrated in Figure 2 and feature “double
containment” in both cases. In the vegetated option, the two containment layers are a
geomembrane and a geosynthetic clay layer, and in the second option the asphalt layer and a
geomembrane provide the two barriers. Alternate methods and materials, which provide equal or
superior performance, may be considered during design. The basic components of each of the
cover sections include a prepared subgrade, a double barrier system, and a drainage layer. The

~ barrier system will be designed to achieve a maximum permeability of 1x107 cm/sec.

The cover system will extend over the area currently circumscribed by the slurry wall. A
combination of the cover cross-sections may be used based on the potential end-use of the Site.
Prior to construction of the cover, the Site will be graded to provide adequate drainage and proof-
rolled to provide a suitable subgrade for cover construction. Grading will be minimized to the
extent practical to limit disturbance of the existing ground surface. Fill generated from the
streambank and groundwater extraction system enhancements described below may be used for
grading purposes. Site drainage will be directed to Peach Island Creek consistent with existing

conditions.
6.3 Shallow Groundwater Extraction and Off-Site Treatment

Shallow groundwater extraction and off-Site treatment will continue as part of the final remedy to
maintain hydraulic control within the slurry wall. The existing extraction system will be
upgraded via installation of approximately seven new extraction wells installed around the
perimeter of the Site (see Figure 3). The wells and related header system piping and electrical
wiring will be installed underground in clean utility corridors around the Site perimeter to
maximize flexibility for future Site use. A geotextile will be placed within the utility corridor to
separate the existing fill from clean imported soils. Excavated soils will be used as grading fill

under the proposed cover.
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Extracted groundwater will be conveyed to a collection point for off-Site disposal. The preferred
disposal method will be via sewer connection and treatment at the Bergen County POTW.
Alternatively, extracted groundwater will continue to be collected in a 10,000 gallon tank and
periodically transported via tanker truck to a commercial facility such as DuPont Environmental

Treatment.

The goal of shallow groundwater extraction will be to maintain inward gradients across the slurry
wall, except along Peach Island Creek where inward gradients are not possible. It should be
noted that the groundwater levels outside the slurry wall are subject to seasonal fluctuations
because of the shallow nature of the groundwater. As such, inward gradients over the entire year
may not always be observed, particularly during drier periods when the levels are lowest outsidc
the slurry wall. Since these periods are relatively short, they are unlikely to represent material
* reversal of gradients from the Site. Additional piezometers will be installed along the north, west
and south sides of the Site, inside and outside of the slurry wall to monitor hydraulic gradients.
Existing monitoring wells and piezometers within the slurry wall that are no longer required will

be decommissioned.
64 Streambank Enhancements

A sheet pile wall was installed along Peach Island Creek during construction of the Interim
Remedy as a temporary structure to facilitate construction of the slurry wall. Because the sheet
pile wall began to deflect during construction of the Interim Remedy, a number of H-piles were
also installed to stabilize the sheet pile wall. Currently, the sheet pile wall is monitored and
exhibits defections from vertical from 10 to 25 degrees over a significant portion of its length.
Although there have beén no substantive movements since construction of the interim remedy
was completed, a long term solution is necessary to provide permanent stability and improve the

aesthetics of the streambank.

Figure 4 illustrates a conceptual approach to enhance the streambank along Peach Island Creek.
In general, the area between the slurry wall and Peach Island Creek will be cut back to a stable
slope configuration and the excavated material will be used as grading fill below the cover
system. The existing sheet pile wall will be cut off at approximately the mud line of Peach Island
Creek and the geomembrane portion of the cover will be extended down the slope and covered

with slope stabilization material such as riprap. A significant consideration during design and
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construction of this remedy element will be to maintain the integrity of the existing slurry wall

and to provide an enhanced stream channel.

6.5 Slurry Wall

The slurry wall installed as part of the Interim Remedy will remain in-place and is a key
component of the overall OU-2 remedy. The wall provides a double containment system
consisting of a soil-bentonite slurry barrier with an integral HDPE geomembrane, keyed into the
underlying clay layer. The slurry wall functions as a barrier to mitigate lateral migration and its
effectiveness is confirmed by shallow groundwater monitoring wells outside the slurry wall
which indicate no lateral migration of contamination from the fill. The slurry wall, in conjunction

with the proposed cover system, wili effectively isolate the fill zone.
© 6.6 Institutional Controls

A Deed Notice will be placed on the property as part of the OU-2 remedy. The deed restriction
will establish an institutional control so that future residential use of the Site is precluded, along
with any other activities that prejudice the integrity and/or operation of the final remedy. The
Deed Notice will also ensure that access is permanently available for operation, maintenance and

monitoring of the remedy.
6.7 Post-Construction Monitoring and Maintenance

Operation, maintenance and monitoring requirements for the remedy will be developed during

. design to ensure the integrity of the remedial measures. Monitoring will include regular
inspections for each component of the remedy together with quarterly water level measurements
to evaluate hydraulic gradients, and off-property shallow groundwater quality monitoring. The
frequency and scope of monitoring may be reduced over time, subject to the agreement of
USEPA.

6.8 Sludge Area Excavation/Off-Site Treatment Alternative

Sludge area excavation would be performed as generally described in Section 5.3. The extent of
excavation would be determined by the sludge extent as defined in Figure 1 and by the feasibility
of installing the internally braced excavation system (IBES). As noted in Sectioh 5.2, significant
difficulties were encountered during installation of sheet piles through the fill along Peach Island

Creek due to the presence of massive debris. 1t is likely, therefore, that the extent of excavation
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will be less than for in-situ treatment due to the fact that sheet piles likely cannot be installed to

encompass the same treatment area.

Sludge material, after addition and mixing of required stabilization agents, will be transported
off-Site via truck. Clean fill material will be imported in the same way, and compacted in lifts in

the excavations to provide a stable subgrade for final capping of the area.
6.9  Sludge Area In-Situ Treatment Alternative

In-Situ treatment of the sludge area will be performed using the following technologies:

e Air Stripping

o Solidification/stabilization

A system comprising of a backhoe or another similar truck mounted mechanism will be used to
implement both treatment technologies. Air stripping via soil mixing with air injection will be
performed using large augers or paddles covered by a shroud. The soil/sludge will be mixed for
approximately 2 hours consistent with the treatability study. To enhance volatilization and
removal of contaminants (primarily VOCs), air will be introduced and a negative pressure will be
maintained within the shroud to capture VOCs released during mixing. Recovered VOCs will be
treated using appropriate treatment technologies such as vapor phase activated carbon or a
catalytic oxidizer. The. air treatment method will be determined during the design in order to
meet emission standards. After completion of air stripping, cement and lime will be used as the
solidification/stabilization agent and applied to the sludge at a rate of approximately 10 percent
cement and 10 percent lime by weight. These reagents will be introduced and mixed using augers

or paddles to achieve thorough homogenization, consistent with the treatability study.

The limits of the sludge area based on the Focused Feasibility Study Investigation are shown on
Figure 1. It is anticipated that air stripping and stabilization/solidification will extend
horizontally beyond the limits of the identified sludge area on the order of 5 feet to ensure
treatment of the entire sludge area. However, the actual extent of treatment beyond the sludge
area will depend on subsurface conditions encountered since the large debris present outside the
sludge area precludes treatment. Treatment will extend a minimum of 2 feet into natural ground
surface, and approximately 10-18 feet below existing ground surface. Mixing will be carried out

on an overlapping grid pattern to ensure effective treatment of the entire sludge area.
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7.0 EVALUATION CRITERIA

The selection of a remedial alternative is based on an evaluation of nine criteria established in the
© NCP. Two criteria (state acceptance and community acceptance) will not be fully evaluated in this
report because they will be addressed during the public comment period. The remaining seven

criteria are described below.

Threshold criteria are those which must be met in order for a remedy, to be eligible for selection.

The two threshold criteria are described below.

e Overall Protection of Human Health and the Environment

Under this criterion, an alternative should be assessed to determine whether it can adequately
protect human health and the environment, in both the short-term and long-term, from
unacceptable risks posed by hazardous substances, pollutants or contaminants present at the
Site, by eliminating, reducing or controlling exposures to levels established during
development of remediation goals. This criterion is an overall assessment of protection
based on a composite of factors assessed under other evaluation criteria, especially long-
term effectiveness and permanence, short-term  effectiveness, and compliance with
ARARSs.

o Compliance with ARARs

This criterion evaluates whether and how the alternative attains applicable or relevant and
appropriate requirements under federal environmental laws and state environmental or
facility siting laws, or provides grounds for invoking the legal waiver of such
requirements.

Primary Balancing criteria are used to weigh the alternatives in order to determine the best

selection for the Site. The 5 balancing criteria are described below.

e Short-Term Effectiveness

This criterion evaluates the impacts of the alternative during implementation with respect
to human health and the environment. The short-term impacts of an alternative shail be
assessed considering: short-term risks that might be posed to the community during
implementation of an alternative; potential impacts on workers during remedial action
and the effectiveness and reliability of protective measures; potential environmental
impacts of the remedial action and the effectiveness and reliability of mitigative measures
during implementation.

e Reduction of Toxicity, Mobility, and Volume Through Treatment
Under this criterion, the degree to which an alternative employs recycling or treatment

that reduces toxicity, mobility, or volume shall be assessed, including how treatment is
used to address the principal threats posed at the Site. Factors that shall be considered
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include: the treatment or recycling processes; the alternatives employed and the materials
they will treat; the amount of hazardous substances, pollutants or contaminants that will
be destroyed, treated, or recycled; the degree of expected reduction in toxicity, mobility
or volume of the waste due to treatment or recycling and the specification of which
reduction(s) are occurring; the degree to which the treatment is irreversible; the type and
quantity of residuals that will remain following treatment considering the persistence,
toxicity, mobility, and propensity to bio-accumulate of such hazardous substances and
their constituents; and the degree to which treatment reduces the inherent hazards posed
by principal threats at the Site.

¢ Long-Term Effectiveness and Permanence

Under this criterion, an alternative shall be assessed for the long-term effectiveness and
permanence it affords, along with the degree of uncertainty that the alternative will prove
successful. Factors that shall be considered, as appropriate, include: the magnitude of
residual nisk remaining from untreated waste or treatment residuals remaining at the
conclusion of the remedial activities; and the adequacy and reliability of controls such as
containment systems and institutional controls that are necessary to manage treatment
residuals and untreated waste.

¢ Implementability

This criterion addresses the technical and administrative feasibility of implementing the
alternative as well as the availability of various services and materials required.

o Cost

Cost items evaluated include capital and operation and maintenance expenditures to
implement the alternative, presented as a present worth analysis.
Modifying criteria include State acceptance and Community acceptance. Some discussion of
identified and anticipated community concemns is included herein, however further comments from
the State and the community will be considered by the USEPA when determining the selected

remedial alternative for the Site.
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8.0 EVALUATION OF SOURCE CONTROL ALTERNATIVES
8.1 Sludge Area Excavation/Off-Site Treatment Alternative

8.1.1 Overall Protection of Human Health and the Environment

The sludge area excavation alternative, when completed, will be protective of human health and
the environment and is consistent with potential future remedies for OU-3 (deep groundwater).
Short term health risks during construction of this alternative are, however, significant, as
discussed in Section 8.1.3 below. Excavation of the sludge and off-Site treatment will address the
principal threat that accounts for about 97% of the total estimated carcinogenic risk at the Site
(Clements, 1990). Implementation of the cover system will prevent dermal contact with and
incidental ingestion of soil contaminants thereby eliminating the unacceptable risk associated
with these pathways. The cover will also eliminate fugitive dust emissions, and prevent erosion
" and potential discharge of contaminants to Peach Island Creek surface water and reduce

infiltration into the fill zone.

The slurry wall, in conjunction with the shallow groundwater extraction system, provides
hydraulic containment within the fill zone, preventing the lateral migration of contaminants.
Extracted groundwater will be treated in compliance with ARARs. Deed restrictions and long-
term maintenance of the remedy will ensure permanent protection of human health and the

environment.
8.1.2 Compliance with ARARs

Section 121(d) of CERCLA requires that remedial actions at CERCLA sites attain legally
applicable or relevant and appropriate cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria or limitations promulgated under
Federal or State law, which are collectively referred to as "ARARs", unless such ARARs are
waived under CERCLA § 121(d)(4).

“Applicable” requirements are those cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria or limitations promulgated under Federal or State law
that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or
other circumstance at a CERCLA site. “Relevant and appropriate” requirements are those
requirements that, while not legally “applicable”, address problems or situations sufficiently similar

to those encountered at the Site that their use is well suited to the particular site. Only those State
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‘ standards that are promulgated, are identified by the State in a timely manner, and are more stringent
than federal requirements may be applicable or relevant and appropriate. ARARs may relate to the
substances addressed by the remedial action (chemical-specific), to the location of the Site (location-

specific), or the manner in which the remedial action is implemented (action-specific).

In addition to applicable or relevant and appropriate requirements, the lead agency may, as
appropriate, identify other advisories, criteria, or guidance to be considered for a particular
release. The "to be considered” (TBé) category consists of advisories, criteri»a, or guidance that
were developed by USEPA, other federal agencies or states that may be useful in developing
CERCLA remedies.

The ARARs identified in this FFS relate only to the response actions addressed in this FFS for the
. Site. The following discussion identifies the chemical, location and action-specific ARARs and

TBCs identified relating to the sludge area excavation/off-Site treatment alternative.
8.1.2.1 Chemical-Specific ARARs

‘ Chemical-specific ARARs set health or risk based concentration limits in various environmental
media for specific contaminants. They are used to establish cleanup goals for remedial action in
order to protect human health and the environment. Generally, state ARARSs are used where they are
at least as or more stringent than the federal ARAR-equivalent. As such, where equivalent federal

and state ARARSs exist, only the state ARARs are cited.

e New lJersey Groundwater Quality Standards (N.J.A.C. 7:9-6) provide standards for
groundwater with classifications levels 1 through III. The New Jersey Appellate Division
has recently invalidated these standards (Federal Pacific Electric Co. v NJDEP) and so
they are no longer ARAR but are classified as “To Be Considered” (TBC). It is
anticipated that groundwater in the fill zone will either be classified as Class IIIB
(groundwater not suitable for conversion to potable use) or an indefinite Classification
Exception Area’ (CEA) will be established in accordance with N.J.A.C. 7:9-6.

e National Primary Drinking Water Standards (40 CFR Part 141) establish primary
maximum contaminant levels (MCLs) for public water systems, measured at the tap,
based on protection of health and consideration of technical and economic feasibility.
The MCLs and non-zero MCL goals are used as ARARs for groundwater that could be
used for potable purposes.

5 CEAs are established by NJDEP for iocalized areas, associated with regulated contaminated sites, where
standards are not and will not be met.
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e The NIDEP Soil Cleanup Criteria (N.J.A.C. 7:26D) are unpromulgated criteria and as
such are not ARAR but are classified as “To Be Considered” (TBC). As noted in
NJIDEP’s Guidance Document for the Remediation of Contaminated Soil (January 1998)
“The Soil Cleanup Criteria are to be used as indicators that a cleanup might be required.”
In the present case, comparison of Site data to the non-residential criteria confirms the
need for remedial action.

8.1.2.2 Action Specific ARARs

Action-specific ARARSs set performance, design, or operating standards for specific remedial actions.
Generally, state ARARs are used where they are at least as or more stringent than the federal ARAR-
equivalent. As such, where equivalent federal and state ARARs exist, only the state ARARs are
cited. The remedial design will be required to comply with the potential ARARSs listed below.

* On-Site actions (i.e., within the areal extent of contamination and all suitable areas in very close
proximity to the contamination necessary for implementation of the response action) need to
comply only with the substantive aspects of ARARs, not with the corresponding administrative
requirements (e.g., consultation, issuance of permits, documentation, record keeping and

enforcement).

e New Jersey Ambient Air Quality Standards (N.J.A.C. 7:27-13) provide maximum
concentrations of suspended particulate matter in air, sulfur dioxide, carbon monoxide,
ozone, lead, and nitrogen oxide. During remedial activities at the Site, the contractor will
need to control and treat the emissions to comply with these standards.

e Clean Water Act (Section 402) NPDES (40 CFR Parts 122-125) provides effluent
standards for direct and indirect discharges to surface water and groundwater. The
groundwater remedy includes maintenance of the slurry wall around the Site that prevents
discharge into the surrounding surface water bodies, and the off-Site treatment facility for
extracted groundwater will also comply with these requirements.

e Well Drilling and Pump Installers Licensing Act (N.J.A.C. 7:8-3.11) requires that all
drilling, boring and well installation activities in the State of New Jersey must not be
performed until the state has issued permits for such activities.

e Sealing and abandonment of wells that are not required as part of the remedy will be
performed in accordance with N. J. A. C. 7:9-9.1-9.4.

e Clean Air Act National Emissions Standards for Hazardous Waste Air Pollutants
(NESHAPS, 40 CFR Pt 61) establishes emissions standards for various hazardous
contaminants. Remediation of the sludge material will volatilize VOCs and the resulting
vapors must be captured and treated to meet these emission standards.
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e New Jersey Hazardous Waste Facility Design and Operation Requirements (N.J.A.C.
7:26-10.4 to 10.8, 11.6, and 11.7) has design and operation standards that are relevant and
appropriate for the cap proposed for the Site.

¢ Department of Transportation Rules for the Transportation of Hazardous Materials (49
CFR Parts 107, 171.1 through 171.500) specify the procedures for packing, labeling
manifesting, and transporting hazardous materials from point of generation to the point of
treatment, storage or disposal.

e New Jersey Hazardous Waste Hauler Responsibilities (N.J.A.C. 7:26-7) include waste
labeling, record keeping, and manifesting. These requirements will apply for any
transport of hazardous waste to an off-Site treatment or disposal facility.

e Soil Erosion and Sediment Control Plan Certification (N.J.S.A. 4:24-1) is required for
projects which disturb more than 5,000 square feet of surface area of land. During
remedial design, a Soil Erosion and Sediment Control Plan will be prepared in
conformance with these requirements.

e New Jersey Hazardous Waste Facility Closure/Post Closure Requirements (N.J.A.C.
7:26) provide general and facility-specific closure/post-closure requirements including
final cover requirements for contaminated soil. The proposed cap design will comply
with the substantive requirements of these regulations, as appropriate.

e Occupational Safety and Health Standards for Hazardous Response Contractors (29 CFR
1926) establish worker health and safety program goals for CERCLA cleanup projects.

¢ Final Rule for disposal of PCBs (40 CFR Parts 750 & 761) would apply to the treatment
and disposal of sludge material off-Site.

8.1.2.3 Location-Specific ARARs

Location-specific ARARs set restrictions on the conduct of remedial activities in particular locations
(e.g., wetlands and floodplains). Generally, state ARARSs are used where they are at least as or more
stringent than the federal ARAR-equivalent. As such, where equivalent federal and state ARARSs
exist, only the State ARARs are cited.

e Executive Orders on Floodplain Management and Wetlands Protection (CERCLA
Floodplain and Wetlands Assessments-EO 11988 and 11990) require federal agencies to
assess potential effects of remediation on surrounding wetlands and in the floodplain.

e General standards for Permitting Stream Encroachment (N.J.S.A 58:16A-50 and N.J.A.C.
- 7:8-3.15) pertains to soil erosion and sediment movements caused by construction activities
along a stream or within a floodplain.

e Hackensack Meadowlands Development Commission (HMDC) Zoning/Land Use/
Environmental Requirements (N.J.A.C. 19:4) allows the HMDC to review and regulate
construction plans to ensure the protection of wetlands and estuary areas.
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‘ | e The Freshwater Wetlands Protection Act of 1987 (N.J.S.A. 13:98-1) requires permitting of
activities in and around freshwater wetlands including removal, excavation, disturbance or
dredging of soil, disturbance of the water table, dumping, discharging or filling, and driving
of pilings.

This remedy will improve and expand the present stream channel and, as such, compliance with

the potential ARARs identified above is expected.
8.1.3 Short-Term Effectiveness

Significant short term risks are associated with the excavation/of-Site disposal alternative even

with all available controls in place.

. Total VOCs have been detected in the sludge at 36,000 mg/kg (3.6%) and include vinyl chloride,
benzene, and chloroform (Golder, 1997b). Further, during the FFS drilling investigations, vinyl
chloride was detected at 10 ppm in the worker breathing zone together with photoionization
detector (PID) readings as high as 450 ppm. As a result, all work associated with this

: investigation was completed in Level B protective equipment (supplied air). Based upon this
‘ field experience, which was limited to small diameter borings, and the results of VOC analytical
data collected during the investigation, there is potential for very significant risk associated with

large-scale excavation of the sludge material. In particular, this risk is associated with the

inhalation, by unprotected off-Site workers and pedestrians on the streets that bound the Site, of

VOCs released during the excavation.

To evaluate the health risks (cancer and non-cancer) associated with the excavation of the sludge
material, air modeling was performed to predict the maximum concentration of specific VOCs
anticipated at the Site perimeter. The results from the air modeling were then used to evaluate
risk to off-Site workers and the general public via the potential exposure inhalation pathway. The
air modeling and risk assessment used standard EPA air models (T-screen and ISCST3) and risk
assessment calculations (USEPA, 1989) and are presented in detail in Appendices B and C,
respectively. Calculations were performed addressing excavation with and without the enclosure

structure to control emissions.
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Absent an enclosed structure, the cancer risk to off-Site workers® exposed through inhalation of
VOCs, is one-in-one-hundred (1 x 10?) and the Hazard Index (HI) for non-cancer health effects is
1,800. The cancer risk to pedestrians7 under the same conditions, is one-in-one-thousand (1 x
10) and the HI is 225. These calculations indicate unacceptable risks and confirm the need for

rigorous controls.

For the case of work conducted within an enclosed structure, risk calculations were based on a 2
hour release occurring at some time during the 50 day excavation period. In this case, the cancer
risk to off-Site workers exposed through inhalation of VOCs is one-in-one hundred thousand (1 x
10°) and the HI is 2.2. The cancer risk to pedestrians under the same condition is six-in-one-
million (6 x 10®) and the HI is 1.1. These calculations indicate that, even in the presence of an

enclosed structure, the risks to off-Site workers and the public are significant.

Other short term risks, that are very significant but which cannot be readily quantified, include
the following:

e Site Worker Health and Safety — All excavation and sludge handling activities will be
performed in Level B personnel protective equipment. In addition, a large enclosed
structure would be required to contain emissions from the excavation to protect off-Site
workers and the public. Additional VOC, carbon monoxide, and particulates would be
emitted by heavy equipment (diesel engine exhaust) operating within the enclosed
structure, which would exacerbate health and safety risks for workers within the enclosed
structure. The rate of ventilation (and corresponding treatment) would need to be
properly sized to prevent buildup of VOC vapors, and prevent buildup of explosive gas
mixtures. USEPA has shown that the required ventilation rates can be higher than
expected to provide the necessary level of protection (USEPA, 1992). Site personnel
working in an enclosed structure, in Level B protective equipment, operating heavy
equipment and performing work in crowded, slippery, and reduced visibility conditions
are exposed to significantly elevated health and safety risks.

e  Hazardous Waste Transportation — Excavation will require the off-Site transportation of
approximately 3,600 tons of sludge material and 15,000 gallons of PCB contaminated
groundwater over 1,500 miles to the nearest available treatment and disposal facilities.
USEPA’s Transportation Release Model® was used to estimate the relative risk associated
with the transportation of the sludge material to an off-Site facility for treatment and
disposal (see Table 5). The results of this assessment indicate that, based on USEPA
statistical data, approximately nine (9) cubic yards (equivalent to the volume of thirty-
three 55-gallon drums) of material will be released to the environment en route or in
loading and unloading operations. Such an uncontrolled release that could occur in any

¢ Exposure is assumed to be 8 hours per day for 50 days.

7 Exposure is assumed to be 1 hour per day for 50 days.

¥ This model was previously used in Appendix H of the Feasibility Study that preceded the 1990 ROD. The same
assumptions used at that time were used in this assessment, with the exception of the quantity of the material to be
transported off-Site.
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community during the 1500 mile journey, represents a risk that is substantial and
unavoidable. It is estimated that over 200 trucks (each carrying a 17.5-ton load) will be
required to transport the sludge material off-Site in addition to several tankers required to
transport the PCB contaminated groundwater.

e  Excavation Construction Risk - Excavation close to the slurry wall (within 10 feet)
creates a risk for potential failure of the slurry wall even when an intemally braced
excavation is used. Failure of the slurry wall would likely produce a release to Peach
Isiand Creek. In addition, the internal bracing system for required excavation stability
creates obstructions to excavation that may prevent all of the sludge being removed

" and/or increase the risk of locally overexcavating and penetrating the clay layer, leading
to contaminant release to the fill aquifer.

8.1.4 Reduction of Toxicity, Mobility and Volume through Treatment

Off-Site treatment of the sludge material will reduce the toxicity, mobility and volume of
¢ contaminants while satisfying the statutory preference for treatment. Recovery and off-Site
treatment of shallow groundwater will reduce the toxicity, mobility, and volume of contaminants

in the fill groundwater.

Mobility of contaminants will also be reduced through implementation of the cover and
maintenance of the existing slurry wall. The cover will mitigate infiltration into the fill zone and
the potential leaching of contaminants. The slurry wall and associated gradient control pumping

also mitigate lateral migration of constituents from the fill zone.
8.1.5 Long term Effectiveness and Permanence

This excavation/off-Site treatment alternative provides long-term permanent protection of human
health and the environment through the removal of sludge material and removal and treatment of
groundwater from the fill. The cover and the slurry wall are proven technologies that provide
long-term protection. Both components include double low ﬁermeability barrier systems, that
significantly enhance long term effectiveness and performance. The shallow groundwater
extraction system will require ongoing maintenance to sustain its effectiveness. The proposed
stream bank enhancements will provide a long term solution for the Site perimeter along Peach
Island Creek.

Operation, monitoring, and maintenance will be regularly conducted to ensure the continued

long-term effectiveness of the remedy.

Golder Associates

400046



April 2001 42- 943-6222

8.1.6 Implementability

Significant implementation challenges are associated with excavation/off-Site disposal elements
of this alternative. Technical concerns associated with the implementability of the excavation

arise principally from the following factors:

¢ Inability to reliably control VOC and odor emissions during excavation in an urban area
bounded by public streets, thereby placing nearby receptors at significant risk;

e Construction concerns associated with a complex excavation support system required to
maintain the integrity of the slurry wall and avoid potential for migration of contaminants
to the underlying till aquifer;

e Serious concerns for worker health and safety as a result of having to work in an enclosed
structure, in Level B protective equipment, operating heavy equipment in crowded,
slippery, and reduced visibility conditions;

¢ Transportation of 200 truck loads of hazardous material over 1500 miles to the nearest
available disposal facility; and,

o Limitations on the rate of acceptance of sludge at the disposal facility (to maintain
compliance with the treatment facility permit) will extend the field work program.

Overall, no technical or administrative problems associated with the other elements of this

alternative are envisioned.
8.1.7 Cost

Table 6 summarizes the costs associated with this alternative. The estimated capital cost is $13.9
million and O&M costs are estimated at $180,000 per year. The total present worth cost for this
alternative, including 30 years of O&M, is approximately $16.7 million. The sludge material and
groundwater will require off-Site treatment by incineration due to the concentration of PCBs at a
cost of approximately $5.1 million. Details of the transportation and disposal costs associated with

the sludge material, including vendor quotes, are presented in Appendix E.

8.2 Sludge Area In-Situ Treatment Alternative
8.2.1 Overall Protection of Human Health and the Environment
The in-situ treatment alternative will be protective of human health and the environment and is

consistent with potential future remedies for OU-3 (deep groundwater). In-situ treatment of
sludge will address the principal threat that accounts for about 97% of the total estimated
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carcinogenic risk at the Site (Clements, 1990). Implementation of the cover system will prevent
dermal contact with and incidental ingestion of soil contaminants thereby eliminating the
unacceptable risk associated with these pathways. The cover will also eliminate fugitive dust
emissions, and prevent erosion and potential discharge of contaminants to Peach Island Creek

surface water and reduce infiltration into the fill zone.

The slurry wall, in conjunction with the shallow groundwater extraction system, provides
hydraulic containment within the fill zone, preventing the lateral migration of contaminants.
Extracted groundwater will be treated in compliance with ARARs. Deed restrictions and long-
term maintenance of the remedy will ensure permanent protection of human health and the

environment.
. 8.2.2 Compliance with ARARs

The ARARs that apply to the in-situ treatment alternative are essentially the same as for the
excavation/off-Site treatment alternative, except for the action-specific ARARSs related to off-Site

sludge disposal that do not apply to the in-situ treatment alternative.

The in-situ treatment alternative is expected to comply with ARARSs in the same manner as the

excavation alternative.
8.2.3 Short-Term Effectiveness

The in-situ treatment alternative reduces the potential environmental impacts and short term risks
to workers and off-Site receptors to the maximum extent practicable, by minimizing the level of
excavation and off-Site waste transportation required to implement the remedy. Excavations will
be required to implement the stream bank enhancements, install piping for the groundwater
extraction system, and to locally grade the Site prior to installation of the cover. Additional
subsurface work will be required to install new groundwater extraction wells and piezometers and
implement the sludge area treatment. Engineering controls, including limiting areas of open
excavation, will need to be implemented during construction to control fugitive dust and volatile
emissions into the surrounding environment. Air stripping in the sludge area will be conducted
under a shroud and vacuum and the vapors will be treated prior to discharge to the atmosphere.
Appropriate health and safety measures will be taken to protect construction workers. Perimeter

monitoring will be conducted to assure the effectiveness of engineering controls.
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8.2.4 Reduction of Toxicity, Mobility and Volume through Treatment

In-situ treatment of the sludge will reduce the toxicity, mobility and volume of contaminants in
 the fill zone‘ while satisfying the statutory preference for treatment. In-situ air stripping will
reduce the volume and toxicity of organic constituents. Stabilization/solidification will treat the
principal threat volatile organic and inorganic substances, including PCBs, through
microencapsulation and will reduce the mobility of contaminants. Stabilization/solidification will
also incorporate any free liquid within the sludge into the mineral matrix and reduce its mobility.
Recovery and off-Site treatment of shallow groundwater will reduce the toxicity, mobility, and

volume of contaminants in the fill groundwater.

Mobility of contaminants will also be reduced through implementation of the cover and
. maintenance of the existing slurry wall. The cover will mitigate infiltration into the fill zone and
the potential leaching of contaminants. The slurry wall and associated gradient control pumping

also mitigate lateral migration of constituents from the fill zone.
8.2.5 Long term Effectiveness and Permanence

The in-situ treatment alternative provides long-term permanent protection of human health and the
environment through the removal and encapsulation of constituents in the sludge area and removal
and treatment of groundwater from the fill. Solidification/Stabilization is an established technology
that has been used for the past 20 years to treat a variety of wastes within the Superfund program.
Since 1982 S/S has been used at approximately 167 sites (ex and in-situ) of which 28 sites include in-
situ S/S (USEPA, 2000). According to the USEPA database (EPA REACH IT, April 2001) there are
five Superfund projects that have been successfully completed that involved in-situ S/S for treatment
of PCB contaminated soils or sediments and another five sites that are currently in the Pre-Design

phase that will also use this technology for treatment of PCBs.

The cover and the slurry wall are proven technologies that provide long-term protection. Both
components include double low permeability barrier systems that significantly enhance long term
effectiveness and performance. The shallow groundwater extraction system will require ongoing
maintenance to sustain its effectiveness. The proposed stream bank enhancements will provide a

long term solution for the Site perimeter along Peach Island Creek.
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Operation, monitoring, and maintenance will be regularly conducted to ensure the continued

long-term effectiveness of the remedy.

- 8.2.6 Implementability

The in-situ treatment alternative utilizes established practices; the services and materials needed
are standard within the industry and readily available. As discussed in Section 3.1, the massive
rubble and debris within the fill will interfere with trench excavations and drilling. Emissions of
VOCs may impede subsurface construction. These factors, while significant, will not preclude
implémentation' 6f this alternative. Overall, no technical or administrative problems are
envisioned which would adversely affect the construction or schedule for implementation of the

alternative or associated long-term operations and maintenance.

- 8.2.7 Cost

Table 7 summarizes the costs associated with the in-situ treatment alternative. The estimated capital
cost is $4.7 million and O&M costs are estimated at $180,000 per year. The total present worth cost
for this alternative, including 30 years of O&M, is approximately $7.5 million.

8.3 Comparative Evaluation of Alternatives

The following sections provides a comparative evaluation of the excavation/off-Site treatment

alternative and the in-situ treatment alternative.
8.3.1 Overall Protection of Human Health and the Environment

Both alternatives, when completed, will provide a similar degree of protection of human health
and the environment and are equally consistent with potential future remedies for OU-3 (deep
groundwater). However, the excavation/off-Site treatment alternative poses substantial additional

short-term health risks during implementation that are unavoidable.
8.3.2 Compliance with ARARS

Both alternatives can be implemented to achieve equivalent compliance with the chemical-

specific, action-specific, and location-specific ARARs identified herein.
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8.3.3 Short-Term Effectiveness

The short-term risks associated with the in-situ treatment alternative are modest and readily
controlled, while risks associated with the excavation/off-Site disposal alternative are much
higher and cannot be readily controlled. Health risk to on-Site workers, off-Site workers and the '
public are significant during excavation, even with all available controls in place. The risks of
contaminant migration during the implementation of the excavation alternative are also greater.
Transportation risks associated with the 1,500 mile trip to the nearest available treatment and

disposal facility are significant and unique to the excavation alternative.
8.3.4 Reduction of Toxicity, Mobility, and Volume Through Treatment

Both alternatives satisfy the statutory preference for treatment and provide a similar degree of
¢ reduction of toxicity and mobility. The removal alternative provides a higher degree of reduction

in volume through treatment.
8.3.5 Long-Term Effectiveness and Permanence

Both alternatives provide effective long-term control of the principal threat. The in-situ treatment
alternative will remove about 95% of VOCs while immobilizing the remaining VOCs, metals,
and PCBs. With the exception of PCBs, the majority of the organics that would be present after
treatment of the sludge (based on the treatability study) would be at lower concentrations than
elsewhere on-Site. While the removal alternative will permanently remove sludge material from
the Site, some material will remain and the long-term effectiveness on a Site-wide basis is

expected to be the same for both alternatives.
8.3.6 Implementability

The in-situ treatment alternative is readily implementable while the removal alternative involves

sertous implementation challenges.
83.7 Cost

The total present worth cost (including O&M) of the in-situ treatment alternative remedy and the

excavation/off-Site treatment alternative are $7.5 million and $16.7 million, respectively.
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8.3.8 Community Acceptance

As noted in Section 7, community acceptance will be formally assessed by USEPA after the
public comment period. Nonetheless, it is reasonable to anticipate that the in-situ treatment

alternative will be more acceptable to the community for the following reasons:

o Potentially signficant short-term health risks to off-Site workers and the public associated
with excavation are avoided;

e Truck traffic through the community (associated with off-Site transport of sludge and
import of clean fill) will be much reduced;

o The potential risk of spills of hazardous material during off-Site transportation is avoided,
both in the local community and others along the 1,500 mile route to the disposal facility;
and,

 The in-situ treatment alternative can be implemented in a shorter time period with greatly
reduced effect upon the community in terms of air emissions, odor and visual impact.

g:\projects\943-6222\FFS\RevFFS\FFStxtrev.doc
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First Operable Unit Soil Chemistry Summary
216 Paterson-Plank Road Site

Table 1A

Shallow Soil (0-2')

943-6222

Voiatiles

1,1,1-Trichloroethane 184000 1117 [ 249
1,1,2,2-Tetrachloroethane 28 117 0 0.288
1.,1,2-Trichloroethane 100 217 0 1810
1,1-Dichloroethane 200000 2117 0 64.7
1,1-Dichloroethene 96 2117 0 0.182
1,2-Dichlorobenzene 184000 8/17 0 473
1,2-Dichloroethane 62 417 0 10.2
1,3-Dichlorobenzene 184000 0/17 0 0.962
2-Butanone (Methyl-ethyi-ketone) 1220000 2117 0 8.56
Benzene 198 4/17 0 53.9
Chlorobenzene 40000 4/47 0 336
Chloroethane 40000 0/17 0 BMDL
Chioroform 940 4/17 0 17.8
Ethylbenzene 200000 7117 0 652
Methylene Chioride 760 11117 ] 2.39
Styrene 400000 0/17 0 BMDL
Tetrachioroethene 110 12/17 3 4290
Toluene 400000 817 0 3380
Total Xylenes 4000000

(m) Xylenes mr 0 2000

(o+p) Xylenes 9/17 0 1450
trans-1,2-Dichloroethene 40000 5/17 1] 0.241

- | Trichloroethene 520 1217 1 2060
|Vinyl Chloride 3 0/17 0 BMDL
Semivolatiles

1,2,4-Trichlorobenzene 20000 2117 [¢] 1.69
2,4-Dichlorophenol 6200 1117 0 1.102
2,4-Dimethylphenol 40000 2117 0 1.12
2-Chloronaphthalene 17 NA 0.22
2-Chlorophenol 10200 0/17 0 BMDL
2-Nitrophenot 0/17 NA BMDL
Acenaphthene 122000 9/17 0 27
Acenaphthylene 61000 117 0 0.56
Anthracene 620000 9/17 0 39
Benzidine 0.024 017 0 BMDL
Benzo(a)Anthracene 7.8 517 0 4.54
Benzo(a)Pyrene 0.78 9/17 9 9.39
Benzo(b)Fluoranthene 7.8 6/17 2 17.7
Benzo(g,h,i)Perylene m7 NA 6.95
Benzo(k)Fluoranthene 78 117 0 3.79
bis(2-Chloroethyl)ether 52 017 0 BMDL
bis(2-Ethylhexyl)Phthalate 400 17/17 0 281
Butylbenzylphthalates 400000 8/17 [ 86.1
Chrysene 78000 11717 0 55
Di-n-butylphthalate 13117 NA 71
Din-Octyl Phthalate 40000 6/17 ] 9.05
Dibenz(a,h)Anthracene 0.78 217 1 24
Diethylphthalate 1640000 117 0 5.09
Dimethyl Phthalate 2000000 0/17 0 BMOL
Fluoranthene 82000 16/17 0 15.3
Fluorene 82000 9/17 0 11.0
Indeno(1,2,3-cd)Pyrene 78 M7 1 121
Isophorone 6000 0/17 0 BMDL
N-Nitrosodiphenylamine 1160 317 0 2.98
Naphthalene 82000 16/17 0 102
Nitrobenzene 1020 m7 0 117
Phenanthrene 1317 NA 23.6
Phencl 50000 417 0 58.2
Pyrene 62000 15/17 0 12.7
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Table 1A
First Operable Unit Soil Chemistry Summary
216 Paterson-Plank Road Site

Shallow Soil (0-2')

943-6222

3.4-DDE 6.8 017 0 BMDL
44'-DDT 16.8 017 0 BMDL
Aldrin 0.34 317 1 57
beta-BHC 3.6 o7 0 BMDL
Dieldrin 0.36 517 5 57
Endosulfan | 102 0/17 1] BMDL
Endosulfan i 102 0/17 0 BMDL
Endrin 620 0/17 o] BMDL
Methoxychior 10200 0/17 0 BMDL
PCB's
Aroclor-1242 10-25 1117 54 15000
Aroclor-1248 10-25 417 3-1 23
Aroclor-1254 10-25 4117 1-0 12
Aroclor-1260 10-25 2117 1-1 A8
Total Metals

Antimony 820 317 0 16
Arsenic 32 14/17 3@ 60
Beryllium 1.34 17117 1 57.6
Cadmium 1020 17117 0 85.1
Chromium 10200 (V1) 1717 0 870
Copper 76000 17117 0 71600
Cyanide 40000 16/17 0 34
Lead 500 - 1000 17117 8-2 2750
Mercury 620 17117 0 213
Nickel 40000 1517 0 39
Selenium 10200 517 0 4.9
Silver 10200 mn7 0 6.4
Thallium . 144 0/17 0 8MDL
FZir1=:: 620000 1717 1] 4170
Wet Chemistry

Phenolics (Total) 50000 16/17 0 600
Petroleum Hydrocarbons 17/17 NA 81600

Notes:

1. Initial EPA PRGS taken from a letter dated November 19, 1993 from EPA to Langan Environmental Services.

2. Soil chemistry data taken from the Remedial investigation Final Report, dated March 1990, by Dames and Moore.
3. BMDL - Below Method Detection Limit.
4. The number of detection of arsenic is reduced to 3 based on background levels of arsenic per NJDEP Draft Soil Clean-up Standards.
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Table 1B
First Operable Unit Soil Chemistry Summary
216 Paterson-Plank Road Site

Saturated Fill {5-6')
Volatiles

1,1,1-Trichloroethane 184000 3/17 [+] 1770
1,1,2,2-Tetrachioroethane 28 117 0 0.703
1,1,2-Trichloroethane 100 mn7 0 15.7
1,1-Dichloroethane - 200000 3117 0 179
1,1-Dichioroethene 96 0/17 0 BMDL
1,2-Dichiorobenzene 184000 6/17 0 385
1,2-Dichloroethane 62 4117 2 290
1,3-Dichlorobenzene 184000 o017 0 BMDL
2-Butanone (Methyl-ethyl-ketone) 1220000 S/I17 0 795
Benzene 198 7717 0 52.3
Chlorobenzene 40000 6/17 0 258 -
Chloroethane 40000 0/17 0 BMDL
Chloroform 940 317 0 379
Ethylbenzene . 200000 15/17 0 529
Methyiene Chloride 760 8/17 0 14,9
Styrene 400000 017 0 BMDL
Tetrachioroethene 110 1217 5 1690
Toluene 400000 16/17 0 2410
Total Xylenes 4000000

(m) Xylenes 16/17 0 1580

(o+p) Xylenes 16/17 0 710
trans-1,2-Dichloroethene 40000 5/117 0 512

: [ Trichloroethene 520 8/17 2 1670
Vinyt Chioride 3 117 0 0.0289
Semivolatiles -

1,2,4-Trichlorobenzene 20000 117 0 0.350
2,4-Dichlorophenol 6200 0/17 0 BMDL
2,4-Dimethylphenot 40000 37 0 10.8
2-Chloronaphthalene 3IN7 NA 18.2
2-Chlorophenol 10200 017 0 BMDL
2-Nitrophenol 0/17 NA BMDL
Acenaphthene 122000 8/17 (o} 21.2
Acenaphthylene 61000 mnz o] 21
Anthracene 620000 7117 0 86.3
Benzidine 0.024 1117 1 244
Benzo(a)Anthracene 78 517 1 84.2
Benzo(a)Pyrene 0.78 77n7 4 108
Benzo(b)Fluoranthene 7.8 617 2 164
Benzo(g,h,i)Perylene 5/17 NA 733
Benzo(k)Fluoranthene 78 017 0 BMDL
bis(2-Chloroethyhether 5.2 0/17 0 BMDL
bis(2-Ethylhexyl)Phthalate 400 14/17 4] 381
Butylbenzylphthalates 400000 6/17 0 736
Chrysene 78000 7m7 0 106
Di-n-butylphthalate 6/17 NA 98.2
Di-n-Octy! Phthalate 40000 S1M7 0 19.5
Dibenz(a,h)Anthracene 0.78 0/17 0 BMDL
Diethylphthalate 1640000 0/17 4] 285
Dimethyl Phthalate 2000000 0/17 0 8BMDL
Fluoranthene 82000 13/17 0 176
Fluorene 82000 917 0 94 .1
Indeno(1,2,3-cd)Pyrene 7.8 4/17 1 86.9
Isophorone 6000 0/17 0 BMDL
N-Nitrosodiphenylamine 1160 117 0 0.157
Naphthalene 82000 14/17 0 480
Nitrobenzene 1020 117 1 1350
Phenanthrene 87 NA 268
Phenol 50000 417 [¢] 790
Pyrene 62000 1217 0 118
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Tabie 1B
First Operable Unit Soil Chemistry Summary
216 Paterson-Plank Road Site

Saturated Fill (5-6")

Pesticides ]
4,4-DOE 16.8 0/17 [4 8MDL
4,4-D0T 16.8 0/17 0 BMDL
Aldrin 0.34 117 1 1.2
beta-BHC 3.6 0/17 0 BMDL
Dieidrin 0.36 37 2 0.940
Endosuifan | 102 0/17 0 BMDL
Endosutfan Il 102 0/17 0 BMDL
Endrin 620 0/17 0 BMDL
% 10200 nz 0 150

PCB's
Aroclor-1242 10-25 12/17 4-3 350
Aroclor-1248 10-25 217 0 9.7
Aroclor-1254 10-25 3/15 1] 35
Aroclor-1260 10-25 217 (1] 10
Total Metals
Antimony 820 . 4/17 0 38
Arsenic 32 1517 129 62
Beryllium 1.34 1717 0 13
Cadmium 1020 16/17 0 26
Chromium 10200 (V1) 17117 (] 542
.{Copper 76000 17117 0 8600
Cyanide 40000 9/17 0 32
Lead 500 - 1000 17147 8-S 2810
Mercury 620 16/17 4] 136
Nickel 40000 17/17 1] 116
Selenium 10200 3Nn7 0 21
Silver 10200 M7 0 40
Thallium 144 017 0 BMDL
1Zinc 620000 1717 0 1870
Wet Chemistry
Phenolics (Total) 50000 15/17 0 683
Petroleum Hydrocarbons 17117 0 29600
Notes:

1. initial EPA PRGS taken from a letter dated November 19, 1993 from EPA to Langan Environmental Services.

. Soil chemistry data taken from the Remedial investigation Final Report, dated March 1930, by Dames and Moore.

. BMDL - Below Method Detection Limit.

. Analyses of saturated soil samples taken from below the water table will be biased high by virtue of groundwater contamination.

. The number of detection of arsenic is reduced to 3 based on background levels of arsenic per NJDEP Draft Soil Clean-up Standards.

(LU S A N ]
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Table 2

Phase IV Treatability Study (Stabilization) Analytical Results
Following 3 days (Before S/S materials added)
216 Paterson-Plank Road Site

Total Constituent Analysis (adjusted for reagent addition)

Mixture A' Mixture A' Mixture A' Percent Percent
Parent Conc. [ppm] | Conc. [ppm] Reduction Reduction
Concentration | (without Iron (with fron (without Iron (with Iron
Parameters [ppm] Filings). Filings) Filings) Filings)
TCE 6,900 167 338 98% 95%
PCE 5,200 478 650 91% 88%
Total Halogenated
Compounds 13,616 829 1,141 94% 92%
Total Non-
Halogenated
Compounds 9,962 1,345 1,542 86% 85%
Total PCBs 580 767 2,125 * *
Chloride 9,400 8,222 7,250 13% 23%

Note: An asterisk indicates that the concentrations apparently increased, as such the resuit
is unreliable and likely reflects heterogeneity of the sample matrix.

Total Constituent Analysis

Mixture A’ Mixture A’ Mixture A’ Percent Percent
Parent Conc. [ppm] | Conc. [ppm] Reduction Reduction
Concentration | (without Iron (with tron (without Iron (with Iron
Parameters [ppm] Filings) Filings) Filings) Filings)
TCE 6,900 150 270 98% 96%
PCE 5,200 430 520 92% 90%
Total Halogenated
Compounds 13,616 746 913 95% 93%
Total Non-
Halogenated
Compounds 9,962 1,211 1,234 88% 88%
Total PCBs 580 690 1,700 * *
Chloride 9,400 7,400 5,800 21% 38%

Note: An asterisk indicates that the concentrations apparently increased, as such the result
is unreliable and likely reflects heterogeneity of the sample matrix.

943-6222
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Table 2
Phase IV Treatability Study (Stabilization) Analytical Results
Following 3 days (Before S/S materials added)

216 Paterson-Plank Road Site

Total Constituent Analysis {adiusted for reagent addition)

Mixture B’ Mixture B’ Mixture B’ Percent Percent
Parent Conc. [ppm] | Conc. [ppm] Reduction Reduction
Concentration | (without lron (with tron (without Iron (with lron
Parameters [ppm] Filings) Filings) Filings) Filings)
TCE 9,100 637.5 414.3 93% 95%
PCE 6,100 1,225.0 685.7 80% 89%
Total Halogenated
Compounds 17,940 2,129 1,303 88% 93%
Total Non-
Halogenated
Compounds 13,394 2,814 1,777 79% 87%
Total PCBs 600 1,500.0 1,714 * *
Chloride 10,000 9,625 8,714 4% 13%

Note: An asterisk indicates that the concentrations apparently increased, as such the result
is unreliable and likely reflects heterogeneity of the sample matrix.

Total Constituent Analysis

Mixture B' Mixture B' Mixture B' | Percent Percent
Parent Conc. [ppm] | Conc. [ppm] ( | Reduction ( Reduction
Concentration | (without Iron with Iron without iron (with iron
Parameters [ppm] Filings) Filings) Filings) Filings)
TCE 9,100 510.0 290.0 94% 97%
PCE 6,100 980.0 480.0 84% 92%
Total Halogenated
Compounds 17,940 1,703 912 91% 95%
Total Non- -
Halogenated
Compounds 13,394 2,252 1,244 83% 91%
Total PCBs 600 1,200.0 1,200.0 o *
Chiloride 10,000 7,700 6,100 23% 39%

Note: An asterisk indicates that the concentrations apparently increased, as such the resuit
is unreliable and likely reflects heterogeneity of the sample matrix.
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Table 3 :
Phase IV Treatability Study (Stabilization) Analytical Results
Following 28 days (after curing period for S/S Materials)

216 Paterson-Plank Road Site

Total Constituent Analysis (adjusted for reagent addition)

Mixture A' Mixture A’ Percent Percent
Mixture A’ Conc. [ppm] | Conc. [ppm] Reduction Reduction
Parent (10% Cement | (10% Cement | (10% Cement] (10% Cement
Concentration | without lron with lron without Iron with Iron
Parameters [ppm] Filings) Filings) Filings) Filings)
TCE 6,900 18.9 175.0 100% 97%
PCE 5,200 133.3 425.0 97% 92%
Total Halogenated
Compounds 13,616 238 729 98% 95%
Total Non-
Halogenated
Compounds 9,962 558 1,178 94% 88%
Total PCBs 580 500 475 14% 18%
Total Pesticides 0 0 0 - -
Total Arsenic 12 16 44 * *
Total Lead 810 1,222 1,200 * *
Chloride 9,400 6,333 3,750 33% 60%

Note: An asterisk indicates that the concentrations apparently increased, as such the result
is unreliable and likely reflects heterogeneity of the sample matrix.

Total Constituent Analysis

Mixture A’ Mixture A’ Percent Percent
Mixture A’ Conc. [ppm] | Conc. [ppm] | Reduction Reduction
Parent (10% Cement| (10% Cement | (10% Cement] (10% Cement
Concentration | without Iron with lron without Iron with Iron
Parameters [ppm} Filings) Filings) Filings) Filings)
TCE 6,900 17 140 100% 98%
PCE 5,200 120 300 98% 94%
Total Halogenated
Compounds 13,616 214 583 98% 96%
Total Non-
Halogenated
Compounds 9,962 502 943 95% 91%
Total PCBs 580 450 380 22% 34%
Total Pesticides 0 0 0 - -
Total Arsenic 12 14 35 * *
Total Lead 810 1,100 960 * *
Chloride 9,400 5,700 3,000 39% 68%

Note: An asterisk indicates that the concentrations apparently increased, as such the result
is unreliable and likely reflects heterogeneity of the sample matrix.

943-6222\ffs\revfss\tab2,3,4.XLS\Phase IV Total (28)
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April 2001

Phase IV Treatability Study (Stabilization) Analytical Results
Following 28 days (after curing period for S/S Materials)

Table 3

216 Paterson-Plank Road Site

Total Constituent Analysis (adjusted for reagent addition)

Mixture B' Mixture B’ Percent Percent
Conc. [ppm] | Conc. [ppm] Reduction Reduction
Mixture B’ (10% (10% (10% (10%
Parent Cement/10% | Cement/10% | Cement/10% | Cement/10%
Concentration | Lime without | Lime with lron | Lime without | Lime with lron
Parameters [ppm] Iron Filings) Filings) Iron Filings) Filings)
TCE 9,100 45.0 58.6 100% 99%
PCE 6,100 287.5 242.8 95% 96%
Total Halogenated
Compounds 17,940 434.6 395.7 98% 98%
Total Non-
Halogenated ]
Compounds 13,394 931 737 93% 94%
Total PCBs 600 487.5 414.3 19% 31%
Total Pesticides 0 0 0 - -
Total Arsenic 11 16 47 * *
Total Lead 750 988 843 * *
Chloride 10,000 5,250 8,290 48% 17%

Note: An asterisk 'indicates that the concentrations apparently increased, as such the result
is unreliable and likely reflects heterogeneity of the sample matrix.

Total Constituent Analysis

Mixture B' Mixture B' Percent Percent
Conc. [ppm] | Conc. [ppm} | Reduction Reduction
Mixture B’ (10% - (10% (10% (10%
Parent Cement/10% | Cement/10% | Cement/10% | Cement/10%
Concentration | Lime without | Lime with Iron | Lime without | Lime with lron
Parameters [ppm] Iron Filings). Filings) Iron Filings) Filings)
TCE 9,100 36.0 41.0 100% 100%
PCE 6,100 100.0 73.0 98% 99%
Total Halogenated
Compounds 17,940 347.7 277.0 98% 98%
Total Non-
Halogenated
Compounds 13,394 745 516 94% 96%
Total PCBs 600 390.0 290.0 35% 52%
Total Pesticides 0 0 0 - -
Total Arsenic 11 13 33 * * '
Total Lead 750 790 590 * 21%
Chloride 10,000 4,200 5,800 58% 42%

Note: An asterisk indicates that the concentrations apparently increased, as such the result
is unreliable and likely reflects heterogeneity of the sample matrix.

943-6222\ffs\revfss\tab2,3,4.XLS\Phase IV Total (28)
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April 2001

Phase IV Treatability Study (Stabilization) Analytical Results

Table 4

Following 28 days (after curing period for S/S Materials)
216 Paterson-Plank Road Site

SPLP Analysis (adjusted for reagent addition)

Mixture A’ Mixture A’ Percent Percent
Mixture A’ Conc. [ppm] | Conc. [ppm] { Reduction | . Reduction
Parent (10% Cement| (10% Cement|(10% Cement| (10% Cement
Concentration| without iron with Iron without Iron with iron
Parameters [ppm} Filings) Filings) Filings) Filings)
TCE 87 2.90 0.15 97% 100%
PCE 15 4.00 0.84 73% 94%
Total Halogenated i
Compounds 131.7 8.6 14 93% 99%
Total Non-
Halogenated .
Compounds 101.0 15.9 4.2 84% 96%
Total PCBs 0.058 0.002 0.0007 96% 99%
Total Pesticides 0 0 0 - -
Total Arsenic 0.027 0.016 0.016 42% 40%
Total Lead 0.94 0 0 100% 100%
SPLP Analysis
Mixture A’ Mixture A’ Percent Percent
Mixture A’ Conc. [ppm] | Conc. [ppm] | Reduction Reduction
Parent {10% Cement| (10% Cement|{10% Cement| (10% Cement
Concentration| without Iron with Iron without lron with ron
Parameters fppm] Filings) Filings) Filings) Filings) |
TCE 87 2.6 0.12 97% 100%
PCE 15 3.6 0.67 76% 96%
Total Halogenated
Compounds 131.7 7.75 1.14 94% 99%
Total Non-
Halogenated
Compounds 101.0 14.3 3.3 86% 97%
Total PCBs 0.058 0.002 0.0005 97% 99%
Total Pesticides 0 0 0 - -
Total Arsenic 0.027 0.014 0.013 48% 52%
Total Lead 0.94 0 0 100% 100%

943-6222\ffs\revffs\tab2,3,4. XLS\Phase IV SPLP (28)

Golder Associates
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Table 4

Phase IV Treatability Study (Stabilization) Analytical Results

Following 28 days (after curing period for S/S Materials)
216 Paterson-Plank Road Site

SPLP Analysis (adjusted for reagent addition)

Mixture B’ Mixture B’ Percent Percent
Conc. [ppm] | Conc. [ppm] | Reduction Reduction
Mixture B' (10% (10% (10% (10%
Parent Cement/10% | Cement/10% | Cement/10%| Cement/10%
Concentration| Lime without | Lime with lron| Lime without | Lime with Iron
Parameters [ppm) Iron Filings) Filings) Iron Filings) Filings)
TCE 130 1.38 1.43 99% 99%
PCE 55 2.75 3.14 95% 94%
Total Halogenated
Compounds 228.7 4.9 5.9 98% 97%
Total Non-
Halogenated
Compounds 1715 9.6 13.5 94% 92%
Total PCBs 0.051 0.0008 0.0017 99% 97%
Total Pesticides 0 0 0 - -
Total Arsenic 0.055 0.018 0.014 68% 75%
Total Lead 1.6 0.21 0.137 87% 91%
SPLP Analysis
Mixture B' Mixture B' Percent Percent
Conc. [ppm] | Conc. [ppm] | Reduction Reduction
Mixture B' (10% (10% (10% (10%
Parent Cement/10% | Cement/10% | Cement/10%| Cement/10%
Concentration| Lime without | Lime with Iron| Lime without | Lime with Iron
Parameters [ppm] Iron Filings) Filings) Iron Filings) Filings)
TCE 130 1.1 1.0 99% 99%
PCE 55 2.4 2.5 96% 95%
Total Halogenated
Compounds 228.7 3.92 4.14 98% 98%
Total Non-
Halogenated
Compounds 171.5 7.7 9.4 96% 94%
Total PCBs 0.051 0.0006 0.0012 99% 98%
Total Pesticides 0 0 0 - -
Total Arsenic 0.055 0.014 0.010 75% 82%
Total Lead 1.6 0.017 0.096 99% 94%

943-6222\ffs\revffs\tab2,3,4. XLS\Phase |V SPLP (28)

Golder Associates
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Table 5

943-6222

April 2001
Risk Analysis for Sludge Transportation
216 Paterson Plank Road Site
Carlstadt, New Jersey
: Number of Total Quantity Number Releasing Total Fractions  Total Expected Total
Container Miles Volume per Vehicle Fraction Released Total Expected Releases Releases
Road Type Type Shipped Shipped Shipment Shipments Accident Rate at Terminal Pts. at Terminal Pts. Expected
{cy) {cy) (accident/truck-mile) (cy/cy/shipment)
Interstate 7 1500 2400 20 1.30E-07 6.96E-01 9.34E+00
(NJ To Texas) Metal Drums 3000 round trip
1N
o
o
o
(o)}
(&)
Page 1 of 1
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April 2001
TABLE 6
SLUDGE EXCAVATION/OFF-SITE TREATMENT ALTERNATIVE
COST ESTIMATE
216 PATERSON-PLANK ROAD SITE
ACTIVITY ACTIVITY COST
Final Cap
Grading/Subgrade $375,000
Geosynthetics $195,000
Asphalt Pavement/Subbase $885,000
Surface Water Controls $60,000
qutotal $1,515,000
Streambank Enhancement
Excavation/Remove Wall $61,000
Slope Cover System $37.000
Subtotal $98,000
Groundwater Extraction & Monitoring
Extraction Wells, Pumps, Fittings $100,000
Conveyance System $72,000
Electrical $160,000
Piezometer Installation/Modification $20,000
Abandon Existing Extraction System & Welis $25,000
Subtotal $377,000
Sludge Area Removal
Site Preparation $25,000
Containment System Protection - Sheet Pile Wall $300,000
Excavation/Clean Fill $220,000
Air Handling (Enclosed Structure and Air Emission Treatment) $600,000
Transportation and Disposal (Sludge and Groundwater) $5,088,000
Subtotal $6,233,000
General
{Mobilization/Demobilization $100,000
Field Engineering/Surveying/E&S Controls $25,000
Health & Safety Monitoring $90,000
Bonding $250,000
Building Demolition $35,000
Subtotal $500,000
CAPITAL COST TOTAL $8,723,000
CONTINGENCY (30%) $2,616,900
CONSTRUCTION OVERSIGHT/QA (15%) $1,308,450
ENGINEERING DESIGN (15%) $1,308,450
30 YEARS OPERATION & MAINTENANCE (NPV) $2,800,000
(including off-site groundwater treatment and 30% contingency)
TOTAL NET PRESENT WORTH COST $16,756,800
Notes: 1. Cap costs are based on Asphalt option.
2. Discount rate for present worth calculation 5%.
FFS:REVFFS:COST/Table6SludgeExcavation xis/Summary Golder Associates
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April 2001
TABLE 7
IN-SITU TREATMENT ALTERNATIVE
COST ESTIMATE
216 PATERSON-PLANK ROAD SITE
ACTIVITY ACTIVITY COST
Final Cap
Grading/Subgrade $375,000
Geosynthetics $195,000
Asphalt Pavement/Subbase $885,000
Surface Water Controls $60,000
Subtotal $1,515,000
Streambank Enhancement
Excavation/Remove Wall $61,000
Slope Cover System $37,000
Subtotal $98,000
Groundwater Extraction & Monitoring
Extraction Wells, Pumps, Fittings $100,000
Conveyance System $72,000
Electrical $160,000
Piezometer Instalfation/Modification $20,000
Abandon Existing Extraction System & Wells $25,000
Subtotal $377,000
In-Situ Sludge Treatment
Mobilization/Demob/Specialist Equipment & Site Preparation $150,000
Mixing/Air Stripping $250,000
Cement/Lime $90,000
Air Treatment $125,000
Subtotal $615,000
General
Mobilization/Demobilization $100,000
Field Engineering/Surveying/E&S Controls $25,000
Health & Safety Monitoring $90,000
Bonding $80,000
Building Demolition $35,000
Subtotal $330,000
CAPITAL COST TOTAL $2,935,000
CONTINGENCY (30%) $880,500
CONSTRUCTION OVERSIGHT/QA (15%) $440,250
ENGINEERING DESIGN (15%) $440,250
30 YEARS OPERATION & MAINTENANCE (NPV) $2,800,000
{including off-site grounduiater treatment and 30% contingency)
TOTAL NET PRESENT WORTH COST $7,496,000
Notes: 1. Cap costs are based on Asphalt option.
2. Discount rate for present worth calculation 5%.
ffs:revffs:cost/Table7InSitu.xis/Summary Golder Associates
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216 PATERSON PLANK ROAD SITE
‘ BENCH-SCALE STABILIZATION
TREATABILITY STUDY
FINAL REPORT

1.0 INTRODUCTION

1.1 TERMS OF REFERENCE

This report is a presentation of the results of the stabilization treatability study conducted
for Golder Associates, Inc. (Golder) on materials sampled from the 216 Paterson Plank
Road site located in Carlstadt, New Jersey (the site). The treatability study was
performed to determine the potential for 1) in-situ air stripping treatment, 2) in-situ
stabilization / solidification (s/s) treatment using Portland cement and/or clay, and 3) in-
situ s/s treatment using Portland cement and/or clay amended with zero-valent iron. This
report was developed to present the testing protocols and results of treatability testing
performed by Kiber.

"' 12  SCOPE OF WORK

All testing was performed in general accordance with the Scope of Work presented in
Golder’s Request for Proposal (RFP) dated 23 September 1998 and Kiber’s cost proposal
dated 15 October 1999.

The treatability study outlined by Kiber, and Golder consisted of Phase I: Baseline
Characterization, Phase II: Screening Tests, Phase III: Intermediate Tests and Phase IV:
Verification Tests. Specific goals and objectives identified in the Scope of Work include:

o Evaluate the effectiveness of air stripping for reducing volatile organic
concentrations prior to the introduction of the various s/s reagents.

o Identify formulations using cement and/or clay based s/s reagents that will provide
the desired strength and physical characteristics.

o Evaluate the reduction in total constituent concentration achieved by the selected
s/s reagent formulations.

‘ 2964 102 Kiber Environmental Services, Inc.
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e Evaluate the reduction in constituent mobility provided by the selected s/s reagent
formulations

o Evaluate whether zero-valent iron amendments provide additional reduction in
total constituent concentrations.

This report was developed to present the results of all testing performed throughout the
treatability study.

1.3 REPORT ORGANIZATION

The final report presents the sample tracking information, the test methods and protocols,
and the results of analyses and testing conducted throughout the treatability study.

Section 2.0 presents information regarding Phase I: Baseline Characterization. This
section includes information pertaining to untreated material receipt and handling, sample
preparation and analytical and geotechnical evaluations of the untreated material. All
information and results associated with Phase II: Screening Tests are presented in
Section 3.0. Section 4.0 presents the results of Phase III: Intermediate Tests. The
results of Phase IV: Verification Testing are presented in Section 5.0. Section 6.0
presents Kiber's Quality Assurance (QA) and Quality Control (QC) procedures for the
treatability study. Following the main text are tables presenting the results of all testing
performed. Appendices are presented at the end of the document and include analytical
data packages and geotechnical data reports. Note that complete analytical data packages
including all raw data and additional summary sheets can be made available upon request.
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2.0 PHASE I: BASELINE CHARACTERIZATION

2.1 OVERVIEW

The establishment of the baseline level of constituents is important for comparing and
determining the effectiveness of s/s treatment. The analyses also allow Kiber to verify that
the samples are representative and consistent with previous samples and materials, and
those present at the site. This section presents information on the sampling, handling,
preparation and characterization of the untreated material utilized during the treatability
study.

2.2 MATERIAL SAMPLING AND RECEIPT

On 4 November 1999, Kiber received a total of ten 2-gallon buckets from the site. Three
buckets were labeled GB-06, three buckets were labeled GB-07 and four buckets were
labeled GB-06/07. The untreated materials were collected from the 216 Paterson Plank
Road site in Carlstadt, New Jersey and forwarded to Kiber by Golder. All site materials
were delivered under proper chain of custody (COC) via Federal Express Overnight
Delivery. Copies of the COC’s are included in Appendix A.

Upon receipt, each 2-gallon bucket of untreated material was logged in and placed into
refrigerated storage maintained at a temperature of 4 degrees Celsius (°C). Once the
untreated materials cooled to a temperature of 4 °C, Kiber homogenized the untreated
material from the site. As instructed by Golder, Kiber composited all materials received
from the site to develop a single untreated composite sample. Note that the untreated
materials were chilled to 4 °C prior to initiating homogenization to minimize the potential
for volatilization of organic compounds. The untreated material was composited by
combining the contents of each bucket into a large mixing container. The materials were
manually blended together with stainless steel hand tools using low energy mixing
techniques in an effort to minimize the volatilization of organic compounds that may be
present. Homogenization continued for a period of approximately 10 to 15 minutes until
visually homogenous. Upon completion, the homogenized material was placed back into
the original shipping containers and returned to refrigerated storage.
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’ In an effort to detect the release of volatile organic compounds from the untreated
material during homogenization, Kiber monitored for volatile organic compounds using a
Photionization Detector (PID). PID values during homogenization ranged from 40 to 50
parts per million (ppm).

During homogenization, any large and agglomerated particles were broken into smaller,
more manageable sizes. All particles and debris larger than 0.5 inches in diameter were
removed. This process was performed in order to 1) simulate potential full-scale particle
size reduction, and 2) ensure that the material was practical for laboratory analysis.
Kiber's experience indicates that contaminants are generally concentrated on the fine-
grained particles; therefore, laboratory testing on material of less than 0.5 inches in
diameter typically presents a worst-case contaminant scenario. The untreated materials
contained a small amount of vegetative debris such as roots and sticks. These materials
were removed from the untreated material prior to performing treatability testing. Visual
observations of the untreated composite indicated a moist dark brown to black tarry
material with a strong organic odor.

23 BASELINE CHARACTERIZATION

. Untreated material characterization is an essential component of the treatability study.
The establishment of the baseline level of constituent concentrations is important for
comparing and determining the effectiveness of the treatment processes. The
characterization analyses also allow confirmation that the materials were similar to those
expected at the site. The untreated composite was characterized through comprehensive
analytical and geotechnical characterization analyses.

Baseline characterization analyses were performed in triplicate on the untreated composite
material. Specifically, the analytical evaluations performed on the untreated composite

included:
Total Volatiles - EPA Method 8260B
SPLP Volatiles _ EPA Methods 1312/8260B
Total Pesticides . EPA Method 8081
SPLP Pesticides - EPA Methods 1312/8081
Total PCBs EPA Method 8081
SPLP PCBs EPA Methods 1312/8082
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Total Arsenic and Lead EPA Methods 6010B

SPLP Lead and Arsenic EPA Methods 1312/6010B
Total Chloride » EPA Method 325.2
Material pH EPA Method 9045C
Ignitability EPA Method 1010

The following geotechnical characterization tests were conducted on aliquots of each of
the untreated materials in accordance with the referenced test method:

Moisture Content - ASTM D 2216
Bulk Unit Weight ASTM D 5057

The results of baseline characterization analyses are presented in Tables 1 through S.
Tables 1 and 2 present the results of total and SPLP volatile organic analyses. The results
of total pesticide and PCB analyses are presented in Table 3. Table 4 presents the results
of SPLP pesticide and PCB analyses. The results of all additional analytical and
geotechnical testing are included in Table 5. Analytical and geotechnical data reports are
included in Appendix B.

Volatile Organic Analyses

Table 1 presents the results of total volatile organic analyses performed on triplicate
aliquots of the untreated composite sample. The results indicate that the untreated
aliquots contained high concentrations of several volatile organic compounds.
Tetrachloroethene, trichloroethene, toluene, o-xylene and m-xylene were found at the
highest concentrations. Specifically, tetrachloroethene was detected at a range of
4,900,000 to 7,100,000 micrograms per kilogram (ug/kg), toluene was found at a range of
5,200,000 to 7,500,000 ug/kg, trichloroethene was found at a range of 6,800,000 to
9,500,000 ug/kg, o-xylene was found at a range of 820,000 to 1,200,000 ug/kg and m-
xylene was found at a range of 3,100,000 to 4,300,000 ug/kg. Note that the ranges are in
reference to the triplicate aliquots of the untreated composite material. Additional
compounds detected at concentrations ranging from 740,000 to 1,100,000 ug/kg include
ethylbenzene and 1,1,1-trichloroethane. Acetone, chlorobenzene, chloroform, 1,2-
dichlorobenzene, 1,1-dichloroethane, 4-methyl-2-pentanone, methylene chloride, n-propyl
benzene, 1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene were all detected at
concentrations ranging from 78,000 to 320,000 ug/kg. Other compounds detected at
concentrations of less than 100,000 ug/kg include benzene, 1,2-dichloroethane, cis-1,2-
dichloroethene, 1,2-dichloropropane, isopropylbenzene, and naphthalene.
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SPLP Volatile Organic Analyses :
The results of SPLP volatile organic analyses are presented in Table 2. The untreated

composite material exhibited leachable tetrachloroethene concentrations ranging from
14,000 to 16,000 micrograms per liter (ug/L), leachable toluene concentrations ranging
from 49,000 to 50,000 ug/L, leachable 1,1,1-trichloroethane concentrations ranging from
13,000 to 14,000 ug/L, leachable trichloroethene concentrations ranging from 84,000 to
89,000 ug/L, and leachable m-xylene concentrations ranging from 10,000 to 11,000 ug/L.
Acetone was found at concentrations ranging from 12,000 to 13,000 ug/L, 2-butanone
was detected at concentrations ranging from 9,300 to 10,000 ug/L, and 4-methyl-2-
pentanone was detected at concentrations ranging from 11,000 to 12,000 ug/L.
Compounds detected at concentrations ranging from 880 ug/L to 5,000 ug/L include
chlorobenzene, chloroform, 1,1-dichloroethane, 1,2-dichloroethane, cis-1,2-
dichloroethene, methylene chloride and o-xylene. Additional volatile organic compounds
detected at concentrations of less than 1,000 ug/L include benzene, 1,2-dichlorobenzene,
1,1-dichloroethene, 1,2-dichloropropane, isopropylbenzene, naphthalene, n-propyl
benzene, 1,1,2-trichloroethane, 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene and vinyl
chloride.

Total Pesticide and PCB Analyses

Table 3 presents the results of total pesticide and PCB analyses performed on the
untreated composite material. A review of the results of aliquots A, B and C indicate that
Dieldren was the only pesticide detected in each of the three aliquots. Specifically,
Dieldrin was detected in aliquot A at a concentration of 4,700 ug/kg, in aliquot B at a
concentration of 9,600 ug/kg and in aliquot C at a concentration of 13,000 ug/kg. All
remaining pesticide compounds were not detected in the samples. A review of the total
PCB data indicates that Aroclor-1242 was the only PCB compound detected in the
untreated composite aliquots. Aroclor-1242 concentrations ranged from 330,000 to
990,000 ug/kg in the untreated composite triplicate analyses.

SPLP Pesticide and PCB Analyses

The results of SPLP pesticide and PCB analyses are presented in Table 4. As seen
previously with the total pesticide analyses, Dieldrin was the only pesticide compound
found at detectable concentrations. Specifically, Dieldrin was found at leachable
concentrations of 60 ug/L, 43 mg/L and 45 mg/L, in aliquots A, B and C, respectively.
The SPLP PCB data indicates that Aroclor-1242 was the only aroclor compound detected
in the SPLP leachate. Aroclor-1242 was found in aliquots A, B and C at leachable
concentrations of 5,000 ug/L, 3,300 ug/L and 4,400 ug/L, respectively.
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Additional Chemical and Physical Analyses

Table 5 presents the results of all additional chemical and physical analyses performed on
the untreated composite sample. Based on review of the table, total lead was detected at
concentrations ranging from 770 to 1,200 milligrams per kilogram (mg/kg), while SPLP
lead concentrations ranged from 2.6 to 3.6 milligrams per liter (mg/L). Total arsenic
concentrations ranged from 13 to 18 mg/kg, and SPLP arsenic was not detected in the
samples. Chloride was found in the untreated composite material at concentrations
ranging from 1,200 to 5,700 mg/kg. The untreated composite sample had material pH
values ranging from 8.9 to 9.2 standard units (s.u.), flash points ranging from 35 to 39 °C,
dry-basis moisture contents ranging from 58 to 62%, a bulk density of 95 pounds per
cubic feet (Ibs/f?) and a bulk specific gravity of 1.5. Once baseline characterization of the
untreated composite material was complete, Kiber proceeded with Phase II: Screening
Tests.
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3.0 SCREENING TESTS

3.1 OVERVIEW

The screening phase of the 216 Paterson Plank Road site treatability study was designed
to evaluate a variety of reagent designs capable of stabilizing and solidifying the untreated
- composite material. Prior to developing mixtures, Kiber provided Golder with a proposed
mixture development table for review. After review by Golder, Kiber proceeded with
Phase II mixture development. Note that mixtures were developed with the addition of
pumpable reagent slurries to simulate full-scale in-situ s/s treatment as specified in the
Statement of Work. The following sections summarize the protocols used by Kiber and
the results of all testing and observations performed during Phase II.

3.2 BLENDING TECHNIQUES AND SAMPLE FORMATION

A total of 12 mixtures were developed during Phase II: Screening Tests. Reagents that
were utilized for treatment include Type I Portland cement alone, a combination of cement
and organophillic clay, and a combination of cement and hydrated lime.

Each mixture was developed by placing an aliquot of the untreated composite into a
blending chamber. The specified percentage of reagent was slurried with the specified
percentage of water and added to the untreated material. For mixtures developed with
more than one reagent, the reagents were blended dry, slurried with water and added to
the untreated composite and blended. The mixture was then blended at a rate of
approximately 40 to 60 rotations per minute (rpm) until visually homogenous, a period of
60 to 90 seconds.

For all mixtures, the percent reagent and percent water are based on the initial weight of
the untreated aliquot. For example, in a mixture with a 10% addition of cement and 8%
addition of water, 20 grams of cement was slurried with 16 grams of water and added to
200 grams of untreated material. Potable tap water was used for all the mixtures since
distilled or deionized water is not practical for use in full-scale remediation.
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After mixing was complete, the treated materials were transferred to cylindrical molds and
allowed to cure for 21 days in a humid environment maintained at a temperature between
18 and 24°C. Treated materials were cured in a humid environment in an effort to
represent conditions that will be present during full-scale treatment. Table 6 presents the
mixtures developed by Kiber. This table includes Kiber's mixture numbers, reagent type,
and reagent and water addition rates.

During the curing process the treated materials were evaluated for setting and strength
properties with a pocket penetrometer. Penetrometer analyses are performed with a
Brainard-Kilman S-170 pocket penetrometer. The pocket penetrometer is a hand held
instrument commonly used during field drilling tests to estimate the unconfined
compressive strength of soils. The penetrometer is calibrated by the manufacturer in
increments of 0.25 tons per square foot (tons/ft*) with a maximum reading of 4.5 tons/ft
(63 Ibs/in?).

3.3 TREATED EVALUATIONS

The results of penetrometer analyses performed on the treated materials, as presented in
Table 6, indicate that the mixtures treated with the highest concentrations of cement alone
resulted in the highest penetrometer strength values. Specifically, the addition of Type I
Portland cement at addition rates of 40 and 50% resulted in penetrometer strength values
of 2.0 and 2.5 tons/ft’, respectively after 21 days of curing. The mixtures treated with
10% Type I Portland cement, and a combination of 20% Type I Portland cement and 3%
organophillic clay resulted in penetrometer strengths of 1.5 tons/t* after 21 days of
curing. All remaining mixtures exhibited penetrometer strengths of 1.0 tons/ft? or less
after 21 days of curing. ‘

Based on the results of penetrometer strength testing data, Kiber and Golder selected
treated materials for performing unconfined compressive strength testing, after 21 days of
curing. Specifically, Kiber and Golder selected a total of eight treatment designs for
unconfined compressive strength testing. The treatment designs were selected based on
visual observations, penetrometer strengths, cost-effectiveness and Kiber’s experience in
treating similar materials. The UCS test is a measure of the shear strength of a soil-like
material under unsaturated and unconfined conditions. All testing was performed on
specimens measuring 2.0 inches in diameter and 4.0 inches in length. Before testing, the
weight and dimensions were recorded for each test specimen. Each specimen was tested

2964_102 Kiber Environmental Services, Inc.

PAGE9 of 33

400088



at a strain rate of 1 percent per minute. Testing was terminated at failure of the specimen
as defined by ASTM D 2166. To clarify, UCS testing was terminated after achieving the
maximum unconfined compressive strength or upon attaining 15% strain, whichever
occurred first. The treated materials selected for testing are included in Table 7. A review
of the results indicates that the mixture that exhibited the highest unconfined compressive
strength includes the mixture developed with a combination of 20% cement and 20%
hydrated lime. This mixture design achieved a strength of 15 Ibs/in? after 21 days of
curing. The mixtures developed with 10% Type I Portland cement, 50% Type I Portland
cement, and a combination of 20% cement and 3% clay all resulted in unconfined
compressive strength values of 14 Ibs/in>. Physical data reports are included in Appendix
C.

Note that the treated materials were developed in an effort to improve the strength and
handling characteristics of the untreated composite material. Although a specific
unconfined compressive strength criteria was not identified, Kiber developed treated
materials in an effort to achieve a strength of approximately 10 to 15 lbs/in®>. Based on the
results of unconfined compressive strength testing, Kiber and Golder identified mixture
designs to be evaluated and/or optimized during the next phase of testing.
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4.0 PHASE IIT: INTERMEDIATE TESTS

4.1 OVERVIEW

The Intermediate Testing phase of the 216 Paterson Plank Road site treatability study was
performed to 1) evaluate the use of air stripping as a method for pretreatment of the site
material, 2) further evaluate and optimize treatment designs evaluated during Phase II, and
3) evaluate the potential benefit of zero-valent iron amendment. Based on the results of
Phase IT: Screening Tests, Kiber and Golder identified candidate mixtures based on
unconfined compressive strength testing results, cost effectiveness and visual observations.
During this phase of testing, Kiber evaluated the benefit of iron amendment pretreatment
in addition to the candidate mixtures. Specifically, Kiber and Golder identified a total of
four mixture designs to be evaluated with and without iron pretreatment for Phase ITI of
the treatability study. The mixtures designs that were selected include the following:

10% Type I Portland Cement

20% Type I Portland Cement / 3% Organophillic Clay
20% Type I Portland Cement / 5% Organophillic Clay
10% Type I Portland Cement / 10% Hydrated Lime

These mixture designs were evaluated following air stripping evaluations. The following
sections include detailed discussions of the procedures utilized and the results of all testing
performed during Phase III of the treatability study.

42  AIR STRIPPING EVALUATIONS

Air stripping evaluations were performed by Kiber to identify the potential benefit of air
stripping in reducing the concentration of total volatile organic compounds prior to s/s
treatment. Since the presence of high organic concentrations commonly interferes with
the cement hydration reaction, air stripping the untreated composite prior to s/s treatment
has been proven to reduce the level of matrix interference by effecting mass removal of
volatile organic compounds thus allowing a shorter and more intense cement hydration
reaction. Under high organic conditions, cement hydration reactions are generally less
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effective and slower to occur. Kiber performed air stripping treatment in a glove bag to
assist in quantifying the volatile organic compounds expelled during air stripping
treatment.

4.2.1 Glove bag and Air Stripping Setup and Performance

Air stripping treatment was performed inside of a glove bag, which is a sealed, air-tight
chamber. Once all necessary equipment is placed into the glove bag, it is sealed from the
outside environment. Necessary equipment includes all materials needed to perform air
stripping treatment as well as monitoring equipment. After the glove bag was sealed, the
PID meter was turned on and used for real-time evaluation of the conditions inside the
glove bag chamber. Monitoring of organic emissions was performed throughout air
stripping treatment.

Testing was performed by connecting one end of the glove bag chamber to a breathing-
quality air supply. The air supply was then used to purge the chamber air prior to
initiation of the air stripping procedure. Air was continuously flushed from the sealed
glove bag until constituent levels inside the glove bag, as measured by the PID meter,
were reduced to levels lower than laboratory background. The glove bag was purged for
a period of 15 to 20 minutes prior to initiation of air stripping treatment.

After purging the chamber, the other end of the glove bag was connected to a series of
three carbon cartridges and an air pump running at 3 liters per minute (Ipm). The carbon
cartridges utilized during the volatilization study were 6 millimeters (mm) in diameter and
70 mm in length, 150 milligram (mg) coconut based charcoal cartridges. In order to
reduce the likelihood of laboratory contamination entering the glove bag, and therefore
being trapped on the carbon cartridges, the inflow to the glove bag was kept higher

than the outflow. As such, a slight positive pressure was maintained within the glove bag
based on a breathing air inflow rate of 3 Ipm, an air stripping inflow rate of 5 Ipm and an
outflow rate of 3 Ipm. The air supply was used to flush any volatile organic compounds
from the chamber and onto the carbon cartridges. Once the carbon cartridges were
-attached to the pumps, air stripping treatment began in accordance with the following
protocols.

Air stripping was performed using a bench-scale Hobart style mixer modified with air
injection ports. Treatment was performed by placing a 1,500 gram aliquot of untreated
composite material into the air-port injection chamber. The material was then blended at a
rate of approximately 60 to 90 rpm while air was injected at a rate of 5 Ipm through the
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material to promote volatilization of constituents. These revolution rates are typical to
those used during full-scale treatment. Air injection treatment was performed for a total
of 120 minutes. Air was supplied by a compressor that supplies breathing-quality air.

The carbon cartridges were attached to the glove bag as soon as air stripping treatment
was initiated. PID readings were recorded approximately every minute for the first 20
minutes and approximately every 5 to 10 minutes thereafter for 120 minutes. Upon
reaching 120 minutes, Kiber removed the carbon cartridges and submitted them for total
volatile organic analyses in accordance with EPA method 8260B.

A graph presenting PID and values over time is presented in Table 8. Also presented in
Table 8 is Kiber's mixture number, material type, glove bag setup information and
maximum PID value recorded during air stripping treatment. A review of the graph
presenting PID values recorded during air stripping indicate that the highest PID values
were observed during the first 10 minutes of air stripping. A maximum PID value of
1,566 ppm was observed after 3 minutes of air stripping. PID values continued to drop
throughout the next 120 minutes. Note that there was a slight increase in PID values from
29 through 60 minutes. After reaching 60 minutes of air stripping, PID values continued
to diminish to a final PID value of 69 ppm after 120 minutes of air stripping.

4.2.2 Glove bag and Air Stripping Treated Evaluations

During air stripping treatment aliquots of the air stripped material were removed from the
injection chamber at intervals of 10 minutes, 30 minutes, 60 minutes and 120 minutes.
Note that a sample of the untreated composite aliquot was also sampled at time zero for a
baseline concentration. Each aliquot was subjected to total volatile organic analyses in
accordance with EPA Method 8260B. The carbon cartridges that were connected to the
glove bag during air stripping treatment were also subjected to total volatile organic
analyses after 120 minutes of air stripping. The results of air stripping evaluations are
included in Tables 9 and 10. Analytical data reports are included in Appendix D.

The results of total volatile organic analyses performed on the air stripped soil, as
presented in Table 9, indicate significant reductions in total volatile organic concentrations
as a result of air stripping treatment. Specifically, trichloroethene which was present in the
time zero sample at 8,000,000 ug/kg, was reduced to 260,000 ug/kg after 120 minutes of -
air stripping. Tetrachloroethane and toluene were reduced from 5,800,000 and 5,900,000
ug/kg to 610,000 and 370,000 ug/kg, respectively after air stripping treatment. m-Xylene
was reduced from an initial concentration of 3,000,000 ug/kg to 620,000 ug/kg, and o-
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xylene was reduced from 800,000 ug/kg to 190,000 ug/kg. In summary, air stripping
treatment was capable of reducing the concentrations of all detected compounds after 120
minutes of air stripping treatment. '

Table 10 presents the results of total volatile organic analyses performed on the carbon
cartridges. In order to identify the location of the carbon cartridges in series, each
cartridge was designated a letter label. Carbon A represents the carbon closest to the
outside air, or furthest away from the glove bag. Carbon C is the carbon closest to the
glove bag, or furthest from the outside air. The results of total volatile organic analyses
performed on the carbon cartridges indicate very high concentrations of organic
compounds. Additionally, as expected, Carbon C (carbon closest to the glove bag)
exhibited the highest volatile organic concentrations followed by Carbon B and Carbon A.

A review of the results indicates that tetrachloroethene was detected at a concentration of
40,000,000 ug/kg in Carbon C, 29,000,000 ug/kg in Carbon B and 27,000,000 ug/kg in
Carbon A. Toluene concentrations for Carbons A, B and C were 18,000,000 ug/kg,
19,000,000 ug/kg and 27,000,000 ug/kg, respectively, and m-xylene concentrations were
found at concentrations of 39,000,000 ug/kg, 43,000,000 ug/kg and 65,000,000 ug/kg,
respectively. Carbon A, B and C resulted in o-xylene concentrations of 13,000,000 ug/kg,
15,000,000 ug/kg and 21,000,000 ug/kg, respectively, and 1,2,4-trimethylbenzene
concentrations of 6,300,000 ug/kg, 8,400,000 ug/kg and 2,800,000 ug/kg, respectively.
Ethylbenzene was detected in Carbon A at a concentration of 7,300,000 ug/kg, in Carbon
B at a concentration of 7,300,000 ug/kg and in Carbon C at a concentration of 12,000,000
ug/kg. 1,3,5-Trimethylbenzene, 4-methyl-2-pentanone and n-propyl benzene were found
at concentrations ranging from 1,500,000 ug/kg to 3,300,000 in each of the carbon
cartridges. Other compounds detected in the carbon cartridges include 1,1,1-
trichloroethane, p-isopropyltoluene, isopropyl benzene, s-butyl benzene, chlorobenzene
and 1,2-dichlorobenzene.

4.3 ZERO-VALENT IRON AMENDMENT

Upon completion of glove bag evaluations, Kiber and Golder identified additional mixture
designs to be evaluated. Mixture designs were selected based on performance during
previous phases of testing and cost effectiveness. Mixture designs were evaluated with
and without zero-valent iron addition to identify the effectiveness of iron in reducing
organic contaminant concentrations. Note that prior to performing mixture development,
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the untreated composite was reanalyzed to identify the concentrations of organic
compounds present. The untreated composite material evaluated during this phase of
testing was identified as “parent material”. The following sections included detailed
discussions of the procedures followed for analysis of the parent material and mixture
development.

4.3.1 Parent Material Characterization

During this phase of testing, Kiber and Golder identified a total of four mixture designs to
be evaluated with and without zero-valent iron addition, for a total of eight mixtures.

Prior to performing mixture development, and as previously mentioned, Kiber sampled an
aliquot of parent material in a sufficient quantity to complete the eight outlined mixtures.
Once the parent material had been sampled, Kiber split the sample into four aliquots.

Each of the four aliquots of parent material represented the material to be used for each of
the four treatment designs with and without zero-valent iron. The parent materials and the
mixtures that they represent are as follows:

Parent Material A Mixtures 013 and 017
Parent Material B Mixtures 014 and 018
Parent Material C " Mixtures 015 and 019
Parent Material D Mixtures 016 and 020

The two mixtures identified for each of the four parent material aliquots includes the same
treatment design with and without iron addition. Four parent materials were segregated in
this manner to identify the concentrations of contaminants present for each individual
treatment design, and to minimize the potential impact of the heterogeneity of the parent
material.

Once the parent material had been separated into four aliquots, Kiber subjected each of the
four aliquots to analytical characterization analyses. The characterization analyses
performed on each of the four aliquots are as follows:

Total Volatiles EPA Method 8260B
SPLP Volatiles EPA Methods 1312/8260B
Total PCBs EPA Method 8081
SPLP PCBs EPA Methods 1312/8082
Total Chloride EPA Method 325.2
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The results of parent material characterization analyses are included in Tables 11 through
14. Tables 11 and 12 include the results of total and SPLP volatile organic analyses, while
Tables 13 and 14 include the results of total and SPLP PCB analyses. Total chloride
results are also included on Table 13. Analytical data reports are included in Appendix D.

Volatile Organic Analyses
The results of total volatile organic analyses, as presented in Table 11, indicate that Parent

Materials B, C and D exhibited similar volatile organic concentrations. Parent Material A
generally exhibited slightly lower concentrations of the volatile organic compounds
previously detected at the highest concentrations in the untreated composite. The
compounds found at the highest concentrations in the parent materials include
tetrachloroethene, toluene, trichloroethene and m-xylene. These compounds were
detected in Parent Materials B, C and D at concentrations ranging from 1,300,000 to
1,600,000 ug/kg, 1,300,000 to 1,800,000 ug/kg and 870,000 to 1,200,000 ug/kg,
respectively. Tetrachloroethene, toluene and m-xylene were detected in Parent material A
at concentrations of 700,000 ug/kg, 750,000 ug/kg and 500,000 ug/kg, respectively.
1,1,1-Trichloroethane was found at concentrations ranging from 130,000 to 310,000
ug/kg, and ethylbenzene was found at concentrations ranging from 210,000 to 280,000
ug/kg in the parent materials. o-Xylene was detected in the parent materials at
concentrations ranging from 220,000 to 320,000 ug/kg, while 1,2 4-trimethylbenzene was
detected at concentrations ranging from 99,000 to 130,000 ug/kg. Several other
compounds were detected in the parent materials at concentrations of less than 200,000

ug/kg.

SPLP Volatile Organic Analyses

Table 12 presents the results of SPLP volatile organic analyses performed on the parent
materials. The results indicate that as seen previously, tetrachloroethene, toluene,
trichloroethene and m-xylene were found at the highest concentrations. Specifically,
tetrachloroethene was found at concentrations ranging from 11,000 to 13,000 ug/L,
toluene was found at concentrations ranging from 41,000 to 48,000 ug/L, trichloroethene
was found at concentrations ranging from 62,000 to 78,000 ug/L and m-xylene was found
at concentrations ranging from 9,000 to 9,800 ug/L. 4-Methyl-2-pentanone was found at
concentrations ranging from 5,200 to 7,100 ug/L, and acetone was found at
concentrations ranging from 4,200 to 5,900 ug/L. Volatile organic compounds found at
leachable concentrations ranging from 1,400 to 3,900 ug/L include 2-butanone,
chlorobenzene, chloroform, 1,1-dichloroethane, 1,2-dichloroethane, ethylbenzene,
methylene chloride and o-xylene. Additional volatile organic compounds found at SPLP
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concentrations of less than 910 ug/L include benzene, 1,2-dichlorobenzene, 1,1-
dichloroethene, cis-1,2-dichloroethene, 1,2-dichloropropane, isopropyl benzene,
naphthalene, n-propyl benzene, 1,1,2-trichloroethane, 1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene and vinyl chloride. All remaining volatile organic compounds were not
detected in the samples.

Total PCBs and Chloride

The results of total PCB and chloride analyses are presented in Table 13. A review of the
results indicates that Aroclor-1242 was the only compound detected in each of the four
parent materials. Aroclor-1242 was detected in Parent Material A at a concentration of
430,000 ug/kg, in Parent Material B at a concentration of 410,000 ug/kg, in Parent
Material C at a concentration of 500,000 ug/kg and in Parent Material D at a
concentration of 340,000 ug/kg. Chloride was found in the parent materials at
concentrations ranging from 14,000 to 40,000 ug/kg. Parent Material A had a chloride
concentration of 40,000 mg/kg, Parent Material B had a chloride concentration of 25,000
mg/kg, Parent Material C had a chloride concentration of 29,000 mg/kg and Parent
Material D had a chloride concentration of 14,000 mg/kg.

SPLP PCBs

The results of SPLP PCB analyses, as presented in Table 14, indicate that Aroclor-1242
was the only compound found at detectable concentrations. Parent Material B had the
highest Aroclor-1242 concentration of 190 ug/L, while Parent Material A had the lowest
Aroclor-1242 concentration of 98 ug/L. Parent Materials C and D had Aroclor-1242
concentrations of 100 and 140 ug/L, respectively.

Review of the results of parent material characterization indicates that the volatile organic
and PCB concentrations are lower than those observed during Phase I: Baseline
characterization. The apparent decrease in contaminant concentrations is most likely
attributed to sample variability. Although Kiber performed homogenization of the original
untreated composite material, it is nearly impossible to obtain a sample where variability
does not exist. This is especially true when materials that are being testing contain very
high concentrations of contaminants and the material has an agglomerated consistency.

4.3.2 Zero-Valent Iron Amendment |

Once Kiber had removed samples from each of the four parent materials for analytical
characterization testing, Kiber proceeded with Zero-valent iron amendment mixture
development on the untreated materials. As previously mentioned, Kiber developed a
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total of four mixtures with and without iron addition for a total of eight mixtures during
this phase of testing. Mixtures were selected for this round of treatment based on
treatment and cost effectiveness during previous phases of the study. The mixture designs
that were evaluated are as follows:

10% Type I Portland Cement

20% Type I Portland Cement / 3% Organophillic Clay
20% Type I Portland Cement / 5% Organophillic Clay
10% Type I Portland Cement / 10% Hydrated Lime

Note that these four mixture designs were evaluated without iron addition (Mixtures 013
through 016) and with iron addition (Mixtures 017 through 020). The mixtures developed
by Kiber are presented in Table 15. This table presents Kiber’s sample number, material
type, reagent type, and reagent and water addition rates.

Mixture development was performed by placing a pre-weighed aliquot of the specified
parent material into a blending chamber. At this time, for the iron amended mixtures, iron
was added at a 10.5% addition rate by weight and mixed until homogenous, a time of
approximately 60 to 90 seconds. For the mixtures that did not receive iron amendment,
the parent material for these mixtures was still mixed in a similar manner to those that did
receive iron addition. This was performed to ensure that any volatilization that occurred
solely due to mixing was duplicated in both treatment designs. Otherwise a reduction in
volatile organic compounds in the materials that received iron amendment, may be due to
either iron amendment or mixing. Once the iron had been added and all the materials
blended, the mixtures were allowed to cure for a period of 3 days, at which time each was
subjected to s/s treatment. '

Stabilization mixtures were developed in direct accordance with the mixtures developed
during Phase II. After mixture development, the treated materials were compacted into
cylindrical molds and allowed to cure for a period of 21 days in a humid environment.
Upon reaching 21 days of curing, each was subjected to treated evaluations.
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4.3.3 Treated Evaluations

Upon reaching 21 days of curing, each of the eight treated materials were sampled and
subjected to treated evaluations. Specifically, the treated materials were subjected to the
following treated evaluations in accordance with the referenced test methods:

Total Volatiles EPA Method 8260B

SPLP Volatiles EPA Methods 1312/8260B
Total PCBs EPA Method 8081
SPLP PCBs EPA Methods 1312/8082
Total Chloride EPA Method 325.2

Unconfined Compressive Strength  ASTM D 2166

The results of all analytical and physical analyses are presented in Tables 16 through 20.
Tables 16 and 17 include the results of total and SPLP volatile organic analyses, and
Tables 18 and 19 include the results of total and SPLP PCB analyses. Total chloride
results are also presented on Table 18. The results of unconfined compressive strength
testing are included in Table 20. Data reports are presented in Appendix D.

Volatile Organic Analyses
The results of volatile organic analyses as presented in Table 16 indicate that all treated

materials resulted in relatively similar volatile organic concentrations. Slightly lower total
volatile organic concentrations are indicated for the mixtures developed with iron
amendment. Note, however, that the slight apparent reduction is most likely due to
dilution since both mixture types were mixed in a similar manner to account for
volatilization that may occur as a result of just mixing. Tetrachloroethene concentrations
ranged from 1,400,000 ug/kg to 2,200,000 ug/kg, and toluene concentrations ranged from
1,100,000 to 1,800,000 ug/kg. Trichloroethene was detected at concentrations ranging
from 790,000 to 1,900,000 ug/kg, and m-xylene concentrations ranged from 1,100,000 to
1,600,000 ug/kg. Ethylbenzene and o-xylene were found at concentrations ranging from
240,000 to 350,000 ug/kg. Compounds detected at concentrations ranging from 27,000
to 220,000 ug/kg include chlorobenzene, 1,2-dichlorobenzene, 4-methyl-2-pentanone,
naphthalene, n-propyl benzene, 1,1,1-trichloroethane, 1,2 ,4-trimethylbenzene, and 1,3,5-
trimethylbenzene. Other compounds detected in the treated materials at concentrations of
less than 20,000 ug/kg include p-isopropyltoluene, isopropyl benzene, 1,2-
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dichloropropane, cis-1,2-dichloroethene, 1,1-dichloroethene, 1,2-dichloroethane, 1,1-
dichloroethane, 1,4-dichlorobenzene, chloroform, s-butylbenzene, n-butylbenzene, 2-
butanone, benzene and acetone. All remaining compounds were not detected in the
samples.

SPLP Volatile Organic Analyses
Table 17 presents the resuits of SPLP volatile organic analyses performed on the Phase ITI

treated materials. A review of the results indicates that tetrachloroethene was detected at
concentrations ranging from 7,800 to 11,000 ug/L, toluene was found at concentrations
ranging from 14,000 to 29,000 ug/L, trichloroethene was found at concentrations ranging
from 11,000 to 35,000 ug/L and m-xylene was found at concentrations ranging from
7,900 to 9,000 ug/L. Ethylbenzene, o-xylene, 1,1,1-trichloroethane, 4-methyl-2-
pentanone were found at concentrations ranging from 800 to 4,000 ug/L. Several other
volatile organic compounds were found at leachable concentrations of less than 1,000

ug/L.

Total PCB and Chloride Analyses

The results of total PCB and chloride analyses are presented in Table 18. The only aroclor
detected in each of the treated materials includes Aroclor-1242. Aroclor-1242 was found
at concentrations ranging from as low as 350,000 ug/kg to as high as 560,000 ug/kg.
Chloride was detected in each of the eight treated materials at concentrations ranging from
3,400 to 7,100 mg/kg.

SPLP PCB Analyses
The results of SPLP PCB analyses, as presented in Table 19, indicate that Aroclor-1242

concentrations ranged from 0.97 to 19 ug/L. All remaining aroclors were not detected in
the samples. Note that as seen with previous analyses on the treated materials, the
mixture developed with iron amendment resulted in generally lower leachable PCB
concentrations. Although a potential correlation, Kiber believes that the reduction is most
likely due to dilution through iron addition.

Unconfined Compressive Strength Testing
The results of unconfined compressive strength testing are included in Table 20. A review

of the results indicates that all materials achieved strengths of at least 23 Ibs/in® after 21
days of curing. The treated materials subjected to iron amendment resulted in slightly
higher strengths than those that did not receive iron addition. However, the difference in
strength values may also be associated with other variables such as 1) material
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heterogeneity and 2) water addition or moisture content. The mixture that achieved the
highest strength (49%) included the mixture developed with a combination of 20% cement
and 3% organophillic clay. All remaining treated materials exhibited strengths ranging
from 27 Ibs/in® to 39 Ibs/in’. ‘

The results of analytical and physical evaluation of the treated materials from Phase III
indicate that all mixture designs are capable of reducing the concentrations of leachable
volatile organic compounds and PCBs. Additionally, all mixture designs were capable of
producing sufficient strength in the final treated materials after 21 days of curing.
Although iron amendment resulted in apparent decreases in both volatile organic and PCB
concentrations, Kiber believes that the reductions are due primarily to dilution rather than
treatment. Based on the analytical and physical results of the treated materials, Kiber and
Golder selected two mixture designs with and without iron addition for further evaluation
during Phase IV of the treatability study.
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5.0 VERIFICATION TESTING

5.1 INTRODUCTION

Verification testing was designed to evaluate the optimum mixtures identified during
Phase III of the treatability study after air stripping pretreatment. This phase of testing
was performed in a similar manner to Phase III. Initially, Kiber sampled a large aliquot of
parent material in a sufficient quantity to perform all mixture development. The parent
materials were analyzed to develop a baseline concentration for the untreated materials to
be utilized for mixture development. Once the samples were removed for baseline
characterization analyses, the material was air stripped. Air stripping was followed by iron
amendment and three days of curing. Upon reaching three days of curing the treated
materials were again sampled and subjected to analytical characterization testing. Once
the aliquots were removed, Kiber proceeded with stabilization treatment of each of the
four aliquots. Upon reaching the target cure date, the treated materials were subjected to
comprehensive analytical and physical characterization testing. The treatment designs that
were evaluated throughout Phase IV with and without iron addition are as follows:

10% Type I Portland Cement
10% Type I Portland Cement / 10% Lime

The following sections include a discussion of the results of parent material
characterization analyses followed by treatment and treated material characterization.
These sections also include detailed descriptions of the protocols followed for all testing
performed during Phase I'V.

52 PARENT MATERIAL CHARACTERIZATION

Parent material characterization was performed in accordance with the protocols followed
during Phase ITI. Kiber sampled a large aliquot of untreated composite material for
mixture development during Phase IV. Note that for Phase I'V testing, Kiber opened a
bucket that had been sealed since the beginning of the treatability study in the event that
the previously opened buckets had been subject to volatilization. Once the aliquot was
removed, Kiber proceeded to slightly homogenize the sample to ensure a homogenous
material for testing. After homogenization, Kiber separated the aliquot into two separate
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aliquots and labeled them as Parent Material A and Parent Material B. Each of the two
parent materials would be used to develop a total of two mixtures. The mixtures
developed with the specified parent materials are as follows:

Parent Material A Mixtures 021 and 023
Parent Material B Mixtures 022 and 024

Note that the mixtures developed with each parent material represent the same treatment
design, however, one mixture includes iron amendment and the other does not. Once the
parent materials were designated, Kiber proceeded to sample each aliquot for parent
material characterization analyses. Each of the parent materials was sampled and
subjected to the following analytical analyses in accordance with the referenced test
methods:

Total Volatiles EPA Method 8260B

SPLP Volatiles EPA Methods 1312/8260B
Total Pesticides EPA Method 8081

SPLP Pesticides EPA Methods 1312/8081

Total PCBs EPA Method 8081

SPLP PCBs EPA Methods 1312/8082

Total TAL Metals EPA Methods 6010B/7471
SPLP TAL Metals EPA Methods 1312/6010B/7470
Total Chloride EPA Method 325.2

The results of parent material characterization analyses are presented in Tables 21 through
26. Total and SPLP volatile organic analyses are presented in Tables 21 and 22, and total
and SPLP pesticide and PCB analyses are presented in Tables 23 and 24. The results of
total and SPLP TAL metals analyses are presented in Tables 25 and 26, and total chloride
results are presented in Table 25. Analytical data reports are included in Appendix E.

Total Volatile Organic Analyses: |
Table 21 presents the results of total volatiles organic analyses performed on the Phase IV

parent materials. The results indicate that the parent materials had very similar
concentrations to those observed during Phase I: Baseline Characterization. Specifically,
tetrachloroethene was detected at concentrations of 5,200,000 ug/kg and 6,300,000
ug/kg, while toluene was detected at concentrations of 5,200,000 ug/kg and 6,800,000
ug/kg. Trichloroethene exhibited concentrations of 6,900,000 and 9,100,000 ug/kg, and
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m-xylene exhibited concentrations of 2,400,000 and 4,000,000 ug/kg. The parent
materials exhibited 1,1, 1-trichloroethane concentrations of 830,000 and 1,400,000 ug/kg.
Ethylbenzene, 1,2,4-trimethylbenzene and o-xylene were detected at concentrations
ranging from 270,000 to 1,000,000 ug/kg. Several other volatile organic compounds
were also found at detectable concentrations lower than 200,000 ug/kg.

SPLP Volatile Organic Analyses
The results of SPLP volatile organic analyses, as presented in Table 22, indicate that

trichloroethene was detected at the highest leachable concentrations of 87,000 and
130,000 ug/L. Toluene was detected at concentrations of 49,000 and 79,000 ug/L, while
m-xylene was detected at concentrations of 11,000 and 35,000 ug/L. Tetrachloroethene
was also detected at very high concentrations of 15,000 and 55,000 ug/L. o-Xylene,
1,1,1-trichloroethane, 4-methyl-2-pentanone, ethylbenzene, 1,2-dichloroethane, 1,1-
dichloroethane, chloroform, chlorobenzene, methylene chloride, 2-butanone and acetone
were detected at concentrations ranging from 1,600 to 21,000 ug/L. Other compounds
found at detectable concentrations of less than 2,400 ug/L include benzene,
bromomethane, 1,2-dichlorobenzene, cis-1,2-dichloroethane, 1,2-dichloropropane,
isopropyl benzene, naphthalene, n-propyl benzene, 1,2,3-trichlorobenzene, 1,2,4-
trimethylbenzene, and 1,3,5-trimethylbenzene. All remaining compounds were not
detected in the samples.

Total Pesticide and PCB Analyses

The results of total pesticide and PCB analyses are presented in Table 23. A review of the
pesticide results indicates that both parent materials exhibited non-detectable
concentrations for all pesticide compounds. The results of total PCB analyses indicate
that Aroclor-1242 was the only aroclor detected at concentrations of 580,000 and
600,000 ug/kg. All remaining aroclors were not detected in the samples.

SPLP Pesticide and PCB Analyses

Table 24 presents the results of SPLP pesticide and PCB analyses. The results indicate

~ that both parent materials exhibited non-detectable concentrations of all pesticide
compounds. The results of SPLP PCB analyses indicate that Aroclor-1242 was detected
in each of the parent materials at concentrations of 58 and 51 ug/L. All remaining aroclor
compounds were not detected in the samples.
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Total TAL Metals and Chloride Analyses

The results of TAL metals analyses, as presented in Table 25, indicate that the metals
found at the parent materials at the highest concentrations were aluminum, calcium, iron
and sodium. These metals were found at concentrations ranging from 12,000 to 46,000
mg/kg. Lead was found at concentrations of 810 and 750 mg/kg, while arsenic was found
at concentrations of 12 and 11 mg/kg. Additional metals found at concentrations ranging
from 1,100 to 5,300 mg/kg include copper, magnesium, potassium and zinc. All
remaining metals were detected at concentrations of less than 810 mg/kg. Chloride was
detected in each of the two parent materials at concentrations of 9,400 and 10,000 mg/kg.

SPLP TAL Metals Analyses
The results of SPLP TAL metals analyses are presented in Table 26. A review of the

results indicates that the parent materials exhibited a leachable sodium concentration of
480 mg/L, leachable iron concentrations 13 and 26 mg/L, leachable calcium
concentrations of 31 and 50 mg/L and leachable aluminum concentrations of 8.4 and 27
mg/L. Lead was detected at a leachable concentration of 0.94 and 1.6 mg/L, while arsenic
was detected at leachable concentrations of 0.027 and 0.055 mg/L. Copper, magnesium,
potassium and zinc were detected at concentrations ranging from 2.9 to 10 mg/L. All
remaining metals were found at concentrations less than 1 mg/L.

The results of parent material characterization testing performed during Phase IV of the
study indicates that the materials are similar to those evaluated during Phase I: Baseline
Characterization. Once Kiber had confirmed that the parent materials were representative
of the untreated composite material, Kiber proceeded with air stripping of the parent
materials.

5.3 AIR STRIPPING /IRON AMENDMENT

Air stripping was performed as pretreatment in an effort to reduce volatile organic
concentrations prior to addition of the stabilization reagents. Air stripping pretreatment
had been successful in previous phases of the treatability study at reducing volatile organic
concentrations and improving the physical characteristics of the untreated composite. As
a result, air stripping pretreament was carried forward to Phase IV testing.
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Air stripping was performed in accordance with previously discussed protocols on the
parent materials. Prior to performing air stripping treatment, Kiber separated each of the
two parent materials into two equal aliquots, for a total of four separate aliquots of
material. Once two aliquots of Parent material A and two aliquots of Parent Material B
existed, Kiber performed air stripping separately on each of the aliquots of untreated
material. Specifically, the aliquots were air stripped for a period of 120 minutes using a
flow rate of 5 Ipm. The four aliquots of untreated material were then given mixture
numbers. The following mixtures were developed using the corresponding parent
materials during this phase of testing

Mixture No. . Amended  Material Reagent Type and Addition
2964-021 No Iron Parent A 10% Type I Portland Cement
2964-022 No Iron Parent B 10% Type I Portland Cement / 10% Lime
2964-023 Iron Parent A 10% Type I Portland Cement
2964-024 Iron Parent B 10% Type I Portland Cement / 10% Lime

Table 27 includes the mixtures developed during this phase of testing. This table includes
Kiber’s sample numbers, material type, reagent type, and reagent and water addition rates.
Once air stripping was complete, Kiber performed iron amendment on the Parent B
materials. Parent Material A was mixed in a manner similar to the mixing that occurred in
Parent Material B during iron amendment in an effort to mimic potential volatilization of
organics that may have occurred solely due to mixing. Note that iron was added at a
10.5% addition rate by weight, as was performed during Phase III of the treatability study.
Once each of the materials had been mixed sufficiently to produce a homogenous material,
Kiber allowed the parent materials to sit for a period of 3 days. Upon reaching 3 days,
each mixture was sampled and subjected to characterization analyses. Characterization
analyses were performed at this time to identify the effect of air stripping and iron
amendment on the untreated composite material. The following analytical characterization
testing was performed on each of the four mixtures in accordance with the specified test
methods:

Total Volatiles EPA Method 8260B
Total PCBs , EPA Method 8081
Total Chloride - - EPA Method 325.2
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The results of characterization testing performed on the mixtures after air stripping and
iron amendment are included in Tables 28 and 29. Table 28 includes the results of total
volatile organic analyses, and Table 29 includes the results of total PCB and chloride
analyses. Analytical data reports are included in Appendix E.

Total Volatile Organic Analyses
The results of total volatile organic analyses, as presented in Table 28, indicate that the

mixtures exhibited similar volatile organic concentrations to those exhibited by the
materials previously air stripped during Phase ITI. Tetrachloroethene was detected at
concentrations ranging from 430,000 to 980,000 ug/kg, toluene was detected at
concentrations ranging from 220,000 to 620,000 ug/kg, trichloroethene was detected at
concentrations ranging from 150,000 to 510,000 ug/kg, m-xylene concentrations ranging
from 430,000 to 850,000 ug/kg, and o-xylene concentrations ranging from 140,000 to
270,000 ug/kg. Additional compounds detected at concentrations ranging from 33,000 to
190,000 ug/kg include 1,3,5-trimethylbenzene, 1,2,4-trimethylbenzene, naphthalene,
ethylbenzene and 1,2-dichlorobenzene. Chlorobenzene, 2-butanone, isopropyl benzene, n-
propyl benzene and 1,1, 1-trichloroethane were found at concentrations ranging from
5,600 to 49,000 ug/L.

Total PCB and Chloride Analyses

Table 29 presents the results of total PCB and chloride analyses. The results of total PCB
analyses indicate that the mixtures exhibited Aroclor-1242 concentrations ranging from
690,000 to 1,700,000 ug/kg. To clarify, mixture 021 exhibited an Aroclor-1242
concentration of 690,000 ug/kg, while the remaining three mixtures exhibited Aroclor-
1242 concentrations ranging from 1,200,000 to 1,700,000 ug/kg. Total chloride
concentrations were found in the range of 5,800 to 7,700 mg/kg.

The previously discussed results do not indicate any correlations as to the benefit of iron
addition. However, the results of air stripping were similar to those obtained during Phase
III and thus indicate a significant decrease in volatile organic concentrations as a result.
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5.4 STABILIZATION / SOLIDIFICATION TREATMENT

Once the mixtures had been allowed to sit for 3 days after air stripping and iron
amendment, Kiber proceeded with s/s reagent addition. As previously outlined, the
mixtures developed by Kiber are presented in Table 27. The mixtures were developed on
each of the corresponding parent materials in accordance with previously discussed
protocols. Immediately following mixture development, the treated materials were
compacted into cylindrical molds for curing. The materials were allowed to cure for a
period of 28 days in a humid environment. Once curing was complete, Kiber subjected
each of the four mixtures to comprehensive analytical and physical characterization
analyses. Specifically, the characterization analyses performed on each of the four treated
materials were as follows:

Total Volatiles EPA Method 8260B

SPLP Volatiles EPA Methods 1312/8260B
Total Pesticides EPA Method 8081

SPLP Pesticides EPA Methods 1312/8081
Total PCBs EPA Method 8081

SPLP PCBs EPA Methods 1312/8082
Total TAL Metals EPA Methods 6010B/7471
SPLP TAL Metals EPA Methods 1312/6010B/7470
Total Chloride EPA Method 325.2
Ignitability EPA Method 1010
Unconfined Compressive Strength ASTM D 2166

Bulk Density ASTM D 5057

Moisture Content ASTM D 2216

Volumetric Increase NA

The results of comprehensive characterization analyses are included in Tables 30 through
36. Total volatile organic and SPLP volatile organic analyses are presented in Tables 30
and 31, respectively. Total pesticide, PCB, chloride and flash point results are presented
in Table 32. Table 33 presents the results of SPLP PCB and pesticide results. Total TAL
metals results are presented in Table 34, and SPLP TAL metals results are presented in
Table 35. The results of unconfined compressive strength testing are included in Table 36.
Analytical and physical data reports are included in Appendix E.
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Volatile Organic Analyses
The results of total volatile organic analyses, as presented in Table 30, indicate that the

treated materials exhibited significantly lower concentrations than those observed from
previous phases of the treatability study. The compounds found at the highest
concentrations include tetrachloroethane, toluene, trichloroethene and m-xylene.
Tetrachloroethene and m-xylene were found at concentrations ranging from 120,000 to
330,000 ug/kg. o-Xylene, 1,2 4-trimethylbenzene, naphthalene, ethylbenzene, and 1,2-
dichlorobenzene were found at concentrations ranging from 32,000 to 190,000 ug/kg.
Additional compounds found at concentrations ranging from 3,000 to 27,000 mg/kg
include 1,3,5-trimethylbenzene, isopropyl benzene, n-propyl benzene, chlorobenzene and
n-butyl benzene. Trichloroethene was detected at concentrations of 17,000 ug/kg,
140,000 ug/kg, 36,000 ug/kg and 41,000 ug/kg. Several other compounds were detected
in the treated materials at lower concentrations.

SPLP Volatile Organic Analyses
Table 31 presents the results of SPLP volatile organic analyses performed on the treated

materials. A review of the results indicates that the treated materials exhibited
tetrachloroethene concentrations ranging from 670 to 2,200 ug/L, toluene concentrations
ranging from 630 to 4,100 ug/L, trichloroethene concentrations ranging from 120 to 2,600
ug/L, and m-xylene concentrations ranging from 1,300 to 4,800 ug/L. Ethylbenzene and
o-xylene were detected at concentrations ranging from 490 to 2,100 ug/L. Other
compounds detected at leachable concentrations ranging from 160 to 870 ug/L include
1,2,4-trimethylbenzene, naphthalene, 1,2-dichlorobenzene and acetone. Several other
volatile organic compounds were found at low detectable concentrations in the treated
materials.

Total PCBs, Pesticides, Chloride and Ignitability
Table 32 presents the results of total PCB, pesticide, chloride and ignitability analyses

performed on the treated materials. A review of the results of total PCB analyses
indicates that the treated materials exhibited Aroclor-1242 concentrations ranging from
290,000 to 450,000 ug/kg. All remaining PCB and pesticide compounds were not
detected in the samples. Total chloride results for the treated materials ranged from 3,000
to 5,800 mg/kg. The results of ignitability indicated that all treated materials had flash
points in excess of 95 °C.
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SPLP PCB and Pesticide Analyses

The results of SPLP pesticide and PCB analyses are presented in Table 33. A review of
the data reveals that as seen previously with total analyses, all pesticide compounds were
not detected in the samples. The only aroclor detected included Aroclor-1242. Aroclor-
1242 was detected at concentrations ranging from 0.52 to 2.0 ug/L. All remaining
aroclors were found below detectable limits.

Total TAL Metals Analyses
The results of total TAL metals analyses are presented in Table 34. Calcium exhibited the

highest concentrations ranging from 69,000 to 120,000 mg/kg, and iron exhibited
concentrations ranging from 19,000 to 130,000. Note that the mixtures developed with
iron exhibited much higher concentrations of iron than those developed without iron.
Additionally, the mixtures developed with hydrated lime exhibited much higher calcium
concentrations than those developed with only cement. Aluminum and sodium
concentrations ranged from 9,000 to 15,000 mg/kg, while zinc, copper and potassium
concentrations ranged from 900 to 5,830 mg/kg. Lead was detected in the treated
materials at concentrations ranging from 590 to 1,100 mg/kg, while arsenic was detected
at concentrations ranging from 13 to 35 mg/kg. Barium and manganese were detected in
the treated materials at concentrations ranging from 291 to 676 mg/kg. Several other
metals were detected at total concentrations of less than 300 mg/kg.

SPLP TAL Metals Analyses
Table 35 presents the results of SPLP TAL metals analyses performed on the 28 day cure

treated materials. The majority of the metals were detected at concentrations of less than
1 mg/L. Calcium and sodium were detected at the highest concentrations ranging from
150 to 470 mg/L. Potassium concentrations ranged from 8.4 to 10 mg/L, while SPLP
copper concentrations ranged from 1.4 to 3.1 mg/L. Note that SPLP lead concentrations
were non-detectable in the mixtures developed with cement, and exhibited concentrations
of 0.17 and 0.096 mg/L in the mixtures developed with a combination of cement and
hydrated lime. SPLP arsenic concentrations ranged from 0.0098 to 0.014 mg/L. All
remaining metals were found at SPLP concentrations of less than 0.41 mg/L.

Unconfined Compressive Strength Testing

Unconfined compressive strength results are presented in Table 36. A review of the
results indicates that the treated materials exhibited strengths ranging from 42 to 84
Ibs/in’. The materials developed with Type I Portland cement alone exhibited strengths of
71 and 84 Ibs/in’, while the materials developed with a combination of cement and lime
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exhibited strengths of 53 and 42 Ibs/in®>. Volumetric expansion results indicate that the
materials developed with a combination of cement and lime exhibited much higher
increases than those developed with only cement. Specifically, the mixtures developed
with cement exhibited volumetric increases of 4 and 7%, while the mixtures developed
with a combination of cement and lime exhibited increases of 32%. The larger volume
increase is likely due to the low density of the hydrated lime reagent and subsequent
bulking that takes place.

A review of the results of treated evaluations performed on the four treated matenals
indicates that a combination of air stripping and s/s treatment were capable of reducing the
leachable concentrations of both organic and inorganic compounds while significantly
improving the physical properties of the untreated material. Additional review of the
treated evaluations indicate that iron was not capable of further reducing leachable organic
or inorganic concentrations and as a result the additional cost necessary for full-scale
implementation would not be cost effective.

5.5 PHASE IV CONTROL SAMPLE

In order to identify the relative reduction in contaminants solely as a result of handling,
mixing and exposure to the environment, Kiber utilized a control sample throughout all of
Phase IV testing. The control sample was obtained from the same untreated bucket as the
Phase IV parent materials. Once a sufficient aliquot had been sampled from the original
untreated bucket a sample was obtained and subjected to analytical characterization
analyses. The remaining control sample was then placed into a Ziploc bag and allowed to
set open any time that the mixtures were exposed to the outside air. When the mixtures
were mixed or amended with iron, the control sample was also mixed to mimic the
treatment process. During the three days after iron addition, the mixtures and control
sample were sealed in Ziploc bags. Note that Kiber removed as much air as possible prior
to sealing the Ziploc bags. After three days, all of the Ziploc bags were opened and the
control sample was sampled in addition to the mixtures. While the mixtures were treated
with the specified stabilization reagents, the control sample was again mixed to simulate
the mixing in of reagents. Upon completion of mixture development, all materials were
again sealed in Ziploc bags for a period of 28 days. Upon reaching 28 days of curing the
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control sample was again sampled and subjected to analytical analyses. At each sampling
interval, the control sample was subjected to the following analytical analyses in
accordance with the referenced test methods: :

Total Volatiles EPA Method 8260B
Total PCBs ' EPA Method 8081
Total Chloride EPA Method 325.2

The results of characterization analyses performed on the control samples are presented in
Tables 37 and 38. Table 37 includes the results of total volatile organic analyses, and
Table 38 includes the results of total PCB and chloride analyses. Analytlcal data reports
are included in Appendix E.

Volatile Organic Analyses _ _
A review of the results of total volatile organic analyses performed on the control samples,

as presented in Table 37, indicate reduction in volatile organic concentrations from the
initial to the final control. Specifically, tetrachloroethene reduced from 4,300,000 ug/kg
to 1,400,000 ug/kg, while toluene reduced from 4,100,000 to 790,000 ug/kg.
Trichloroethene concentrations reduced from 5,500,000 ug/kg to 710,000 ug/kg, and m-
xylene concentrations reduced from 2,800,000 to 920,000 ug/kg. Several other
compounds exhibited a reduction in concentrations from the initial control sample to the
final control sample.

Total PCB and Chloride Analyses

Table 38 presents the results of total PCB and chloride analyses performed on the control
sample. Note that Aroclor-1242, which was the only aroclor compound detected, was
found in the initial control sample at 1,600,000 ug/kg and in the final control sample at
620,000 ug/kg. Total chloride concentrations increased from 2,700 mg/kg in the initial
control sample to 8,500 mg/kg in the final control sample.

Due to the heterogeneity of the material it is difficult to identify whether these
concentrations represent a true reduction or whether the reduction is a result of analyzing
a less contaminated aliquot during the analyses of the final control sample.
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6.0 QUALITY ASSURANCE / QUALITY CONTROL

Kiber maintains strict Quality Assurance (QA) and Quality Control (QC) programs as part
of Kiber's standard operating procedures. The QA/QC program for the 216 Paterson
Plank Road site treatability study had two primary objectives 1) to validate the quality of
each analysis conducted in accordance with the referenced protocols, and 2) to evaluate
the effectiveness of each treatment process on the chemical treatment of the site materials.
The treatability and analytical testing procedures implemented throughout the

study were known, tested and approved EPA and ASTM methodologies.

The objectives of the treatability study were achieved for treatability testing through 1)
calibration of the associated equipment, and 2) supervision and review by qualified
technical personnel. All treatability testing was supervised by personnel experienced in
both laboratory evaluations and full-scale application of the treatment processes.

All equipment associated with the treatability testing is calibrated on a regular basis, as
specified by the manufacturer. Daily monitoring and calibration was also performed on
common laboratory equipment including pH meters, ovens, and balances.

The analytical QA/QC program was developed in accordance with EPA's Level I1I
QA/QC standards as outlined in Preparation Aids for the Development of Category III
Quality Assurance Project Plans. Specifically, the objectives of the QA/QC program
were to ensure that the data generated was comparable, accurate, reproducible, valid, and
defensible. All QA/QC testing was applied to the initial phase of the 216 Paterson Plank
Road site treatability study on a batch-specific basis. The program included analyses of
method blanks, duplicates, blank spikes, laboratory control samples, and surrogate
recoveries, as appropriate. Complete QA/QC data is reported with the full data reports
presented in each of the referenced appendices. Any sample-specific observations are
reported on the appropriate data reports.
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.

216 PATERSON PLANK ROAD SITE

TABLE 1

Phase I: Baseline Characterization

Summary of Total Volatile Organic Analyses - EPA Method 8260B

RESULTS (ug/kg) ()
ANALYTICAL A B C
PARAMETER Conc. DL Conc. DL Conc. DL

1. TOTAL VOLATILES

Acetone 300,000 J {2,000,000 | 220,000 J | 1,700,000 | 320,000 J |2,400,000
Benzene 43,000 | 99,000 31,000) | 87,000 45,0007] | 120,000
Bromobenzene - 99,000 - 87,000 - 120,000
Bromochloromethane - 99,000 - 87,000 - 120,000
Bromodichloromethane - 99,000 - 87,000 - 120,000
Bromoform - 99,000 - 87,000 - 120,000
Bromomethane - 200,000 - 170,000 - 240,000
2-butanone 240,000 J | 2,000,000 | 170,000 J | 1,700,000 - 2,400,000
n-Butylbenzene - 99,000 - 87,000 - 120,000
s-Butylbenzene - 99,000 - 87,000 - 120,000
t-Butlybenzene - 99,000 - 87,000 - 120,000
Carbon disulfide - 99,000 - 87,000 - 120,000
Carbon tetrachloride - 99,000 - 87,000 - 120,000
Chlorobenzene 210,000 99,000 160,000 87,000 210,000 | 120,000
Chorodibromomethane - 99,000 - 87,000 - 120,000
Chlorocthane - 200,000 - 170,000 - 240,000
2-Chloroethyl vinyl ether - 200,000 - 170,000 - 240,000
Chloroform 140,000 - | 99,000 97,000 87,000 140,000 | 120,000
Chloromethane - 200,000 - 170,000 - 240,000
2-Chlorotoluene - 99,000 - 87,000 - 120,000
4-Chlorotoluene - 99,000 - 87,000 - 120,000
1,2-Dibromo-3-Chloropropane - 99,000 - 87,000 - 120,000
1,2-Dibromoethane - 99,000 - 87,000 - 120,000
Dibromomethane - 99,000 - 87,000 - 120,000
1,2-Dichlorobenzene 190,000 99,000 160,000 87,000 170,000 | 120,000
1,3-Dichlorobenzene - 99,000 - 87,000 - 120,000
1,4-Dichlorobenzene - 99,000 - 87,000 - 120,000
Dichlorodifluoromethane - 200,000 - 170,000 - 240,000
1,1-Dichloroethane ' 130,000 99,000 100,000 87,000 170,000 1§ 120,000
1,2-Dichloroethane 76,0007 | 99,000 58,000) | 87,000 69,0007 | 120,000
1,1-Dichloroethene - 99,000 - 87,000 - 120,000
cis-1,2-Dichloroethene 41,0007 | 99,000 32,000] | 87,000 53,000) | 120,000
trans-1,2-Dichloroethene - 99,000 - 87,000 - 120,000
1,2-Dichloropropane 15,0001 | 99,000 10,000J | 87,000 15,0007 | 120,000
1,3-Dichloropropane - 99,000 - 87,000 - 120,000
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KIBER ENVIRONMENTAL SERVICES, INC,
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 1
Phase I: Baseline Characterization

Summary of Total Volatile Organic Analyses - EPA Method 8260B

RESULTS (ug/kg) )
ANALYTICAL B
PARAMETER Conc. DL Conc. DL Conc. DL

1. TOTAL VOLATILES

2,2-Dichloropropane - 99,000 - 87,000 - 120,000
cis-1,3-Dichloropropene - 99,000 - 87,000 - 120,000
trans-1,3-Dichloropropene - 99,000 - 87,000 - 120,000
1,1-Dichloropropene - 99,000 - 87,000 - 120,000
Ethylbenzene 980,000 99,000 740,000 87,000 (1,100,000 | 120,000
2-Hexanone - 200,000 - 170,000 - -] 240,000
Hexachlorobutadiene - 99,000 - 87,000 - 120,000
Isopropyl benzene 36,0007 | 99,000 28,000J | 87,000 42,0007 | 120,000
p-isopropyltoluene - 99,000 - 87,000 13,000 J | 120,000
4-Methyl-2-pentanone (MIBK) | 310,000 | 200,000 | 220,000 | 170,000 | 290,000 | 240,000
Methylene chloride 140,000 99,000 100,000 87,000 140,000 | 120,000
Naphthalene 69,000J | 200,000 | 58,000J | 170,000 | 80,0007J | 240,000
n-Propyl benzene 100,000 99,000 78,000J | 87,000 110,000 7 | 120,000
Styrene- - 99,000 - 87,000 - 120,000
1,1,1,2-Tetrachloroethane - 99,000 - 87,000 - 120,000
1,1,2,2-Tetrachloroethane - 99,000 - 87,000 - 120,000
Tetrachloroethene 6,600,000 | 99,000 (4,900,000 | 87,000 |7,100,000 | 120,000
Toluene 6,400,000 | 99,000 (5,200,000 | 87,000 [7,500,000 | 120,000
1,2,3-Trichlorobenzene - 99,000 - 87,000 - 120,000
1,2,4-Trichlorobenzene - 99,000 - 87,000 6,800) | 120,000
1,1,1-Trichloroethane 990,000 99,000 790,000 87,000 930,000 | 120,000
1,1,2-Trichloroethane - 99,000 - 87,000 - 120,000
Trichloroethene 8,800,000 | 99,000 [6,800,000 | 87,000 9,500,000 | 120,000
Trichlorofluoromethane - 200,000 - 170,000 - 240,000
1,2,3-Trichloropropane - 99,000 - 87,000 - 120,000
1,2,4-Trimethylbenzene 120,000 99,000 95,000 87,000 130,000 | 120,000
1,3,5-Trimethylbenzene 140,000 99,000 110,000 | 87,000 160,000 | 120,000
Vinyl Acetate - 200,000 - 170,000 - 240,000
Vinyl Chloride - 200,000 - 170,000 - 240,000
o-xylene 1,100,000 | 99,000 820,000 | 87,000 (1,200,000 | 120,000
m-xylene 4,100,000 | 99,000 (3,100,000 | 87,000 (4,300,000 | 120,000
p-Xylene - 99,000 - 87,000 - 120,000

4V
DL

A, B and C represent triplicate aliquots of the untreated material.

Detection Limit
Estimated Value
Non Detectable concentrations
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 2
Phase I: Baseline Characterization
Summary of SPLP Volatile Organic’Analyses - EPA Methods 1312/8260B

RESULTS (ug/L) (1

ANALYTICAL A B C

PARAMETER Conc. DL Conc. DL Conc. DL
I. SPLP VOLATILES
Acetone , 13,000 10,000 12,000 10,000 13,000 10,000
Benzene 710 500 830 500 680 500
Bromobenzene - ' 500 - 500 - 500
Bromochloromethane - 500 - 500 - 500
Bromodichloromethane - 500 - 500 - 500
Bromoform - 500 - 500 - - 500
Bromomethane - 1,000 - 1,000 - 1,000
2-Butanone 10,000 10,000 9,300 10,000 10,000 10,000
n-Butylbenzene 671 500 - 500 C - 500
s-Butylbenzene 517 500 - 500 - 500
t-Butlybenzene 457 500 - 500 - 500
Carbon disulfide - 500 - 500 - 500
Carbon tetrachloride - 500 - 500 - 500
Chlorobenzene 1,500 500 1,400 500 1,500 500
Chorodibromomethane - 500 - 500 - 500
Chlorocthane - 1,000 - 1,000 - 1,000
2-Chloroethyl vinyl ether - 1,000 - 1,000 - 1,000
Chloroform 3,100 500 4,200 500 3,400 500
Chloromethane - 1,000 - 1,000 - 1,000
2-Chlorotoluene - 500 - 500 - 500
4-Chlorotoluene - 500 - 500 - 500
1,2-Dibromo-3-Chloropropane - 500 - 500 - 500
1,2-Dibromoethane - 500 - 500 - 500
Dibromomethane - 500 - 500 - 500
1,2-Dichlorobenzene 500) 500 4301 500 530 500
1,3-Dichlorobenzene - 500 - 500 - 500
1,4-Dichlorobenzene - 500 - 500 - 500
Dichlorodifluoromethane ‘ - 1,000 - 1,000 - 1,000
1,1-Dichloroethane 3,200 500 3,400 500 2,800 500
1,2-Dichloroethane 3,200 500 3,000 500 3,900 500
1,1-Dichloroethene 94 J 500 98 J 500 91] 500
cis-1,2-Dichloroethene 1,000 500 1,100 500 880 500
trans-1,2-Dichloroethene - 500 - 500 - 500
1,2-Dichloropropane 28017 500 3807 500 3007 500
1,3-Dichloropropane - 500 - 500 - 500
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 2
Phase I: Baseline Characterization
Summary of SPLP Volatile Organic Analyses - EPA Methods 1312/8260B

RESULTS (ug/L) 1

ANALYTICAL A B C

PARAMETER Conc. DL Conc. DL Conc. DL
1. SPLP VOLATILES
2,2-Dichloropropane - 500 - 500 - 500
cis-1,3-Dichloropropene - 500 - 500 - 500
trans-1,3-Dichloropropene - 500 - 500 - 500
1,1-Dichloropropene - 500 - 500 - 500
Ethylbenzene 2,900 500 2,900 500 3,000 500
2-Hexanone - 1,000 - 1,000 - - 1,000
Hexachlorobutadiene 497 500 - 500 - 500
Isopropyl benzene 571% 500 387J 500 457 500
p-isopropyltoluene 5371 500 - 500 - 500
4-Methyl-2-pentanone (MIBK) 12,000 1,000 12,000 1,000 11,000 1,000
Methylene chloride 3,800 500 5,000 500 5,000 500
Naphthalene 250F 1,000 1507 1,000 1507 1,000
n-Propyl benzene 1107] 500 84]) 500 1107 500
Styrene - 500 - 500 - 500
1,1,1,2-Tetrachloroethane - 500 - 500 - 500
1,1,2,2-Tetrachloroethane - 500 - 500 - 500
Tetrachloroethene 14,000 500 15,000 500 16,000 500
Toluene 50,000 5,000 51,000 5,000 | 49,000 5,000
1,2,3-Trichlorobenzene 1207 500 - 500 - 500
1,2,4-Trichlorobenzene 95] 500 - 500 - 500
1,1,1-Trichloroethane 13,000 500 14,000 500 14,000 500
1,1,2-Trichloroethane 190 7] 500 3007 500 2407 500
Trichloroethene 84,000 5,000 89,000 5,000 86,000 5,000
Trichlorofluoromethane - 1,000 - 1,000 - 1,000
1,2,3-Trichloropropane - 500 - - 500 - 500
1,2,4-Trimethylbenzene 4707 500 4607 500 550 500
1,3,5-Trimethylbenzene 1507 500 130) 500 160 ] 500
Vinyl Acetate - 1,000 - 1,000 - 1,000
Vinyl Chloride 2907 1,000 3307 1,000 2607 1,000
o-xylene : 3,300 500 3,400 500 3,400 500
m-xylene 10,000 500 11,000 500 11,000 500
p-xylene - 500 - 500 - 500

(1) A, B and C represent triplicate aliquots of the untreated material.
DL Detection Limit

J  Estimated Value

- Non Detectable concentrations
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 3
Phase I: Baseline Characterization
Summary of Total Pesticide / PCB Analyses - EPA Method 8081/8082

RESULTS (ug/kg) )

ANALYTICAL A B C

PARAMETER Conc. DL Conc. | DL Conc. | DL
I. TOTAL PESTICIDES
alpha-BHC - 260 - 230 - 310
beta-BHC - 260 - 230 - 310
delta-BHC - 260 - 230 - 310
Heptachlor - 260 - 230 .- 310
Aldrin - 260 - 230 - 310
Heptachlor epoxide - 260 - 230 - 310
Endosulfan I - 260 - 230 - 310
Dieldrin 4,700 520 9,600 460 13,000 620
4,4'-DDE - 520 - 460 - 620
Endrin - 520 - 460 - 620
Endosulfan I - 520 - 460 - 620
4,4'-DDD - 520 - 460 - 620
Endosulfan Sulfate - 520 - 460 - 620
4.4'-DDT : - 520 - 460 - 620
Methoxychlor - 2,600 - 2,300 - 3,100
Endrin Ketone - 520 - 460" - 620
Endrin aldehyde - 520 - 460 - 620
alpha-Chlordane - 260 - 230 - 310
gamma-Chlordane - 260 - 230 - 310
Toxaphene - 5,200 - 4,600 - 6,200
gamma-BHC (Lindane) - . 260 - 230 - 310
1II. TOTAL PCBs
Aroclor-1016 - 52 - 46 - 62
Aroclor-1221 - 52 - 46 - 62
Aroclor-1232 - 52 - 46 - . 62
Aroclor-1242 630,000 | 260,000 | 330,000 | 46,000 | 990,000 | 310,000
Aroclor-1248 - 52 - 46 - 62
Aroclor-1254 - 52 - 46 - 62
Aroclor-1260 - 52 - 46 - 62

(1) A, B and C represent triplicate aliquots of the untreated material.
DL Detection Limit
- Non Detectable Concentrations
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GOLDER ASSOCIATES, INC.

TABLE 4

216 PATERSON PLANK ROAD SITE

Phase I: Baseline Characterization

KIBER ENVIRONMENTAL SERVICES, INC.

Summary of SPLP Pesticide / PCB Analyses - EPA Methods 1312/8081/8082

RESULTS (ug/L) ()

ANALYTICAL B

PARAMETER Conc. DL Conc. DL Conc. DL
I.SPLP PESTICIDES
alpha-BHC - 5.0 - 5.0 - 50
beta-BHC - 5.0 - 5.0 - 50
delta-BHC - 50 - 5.0 - 50
Heptachlor - 5.0 - 5.0 - 5.0
Aldrin - 5.0 - 5.0 - 50
Heptachlor epoxide - 5.0 - 5.0 - 5.0
Endosulfan I - 5.0 - 50 - 5.0
Dieldrin 60 10 43 10 45 10
4,4'-DDE - 10 - 10 - 10
Endrin - 10 - 10 - 10
Endosulfan IT - 10 - 10 - 10
4,4'-DDD - 10 - 10 - 10
Endosulfan Sulfate - 10 . - 10 - 10
4 4'-DDT - 10 - 10 - 10
Methoxychlor - 50 - 50 - 50
Endnn Ketone - 10 - 10 - 10
Endrin aldehyde - 10 - 10 - 10
alpha-Chlordane - 50 - 50 - 5.0
gamma-Chlordane - 5.0 - 5.0 - 5.0
Toxaphene - 100 - 100 - 100
gamma-BHC (Lindane) - 5.0 - 5.0 - 5.0
II. SPLP PCBs
Aroclor-1016 - 0.50 - 0.50 - 0.50
Aroclor-1221 - 0.50 - 0.50 - 0.50
Aroclor-1232 - 0.50 - 0.50 - 0.50
Aroclor-1242 5,000 500 3,300 500 4,400 500
Aroclor-1248 - 0.50 - 0.50 - 0.50
Aroclor-1254 - 0.50 - 0.50 - 0.50
Aroclor-1260 - 0.50 - 0.50 - 0.50

O]
DL

A, B and C represent triplicate aliquots of the untreated material.

Detection Limit
Non Detectable Concentrations
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE §
Phase I: Baseline Characterization
Summary of Additional Chemical and Physical Analyses

ANALYTICAL | RESULTS )
PARAMETER UNIT A | B | <
L. CHEMICAL ANALYSES
Total Lead mg/kg 860 770 1,200
SPLP Lead mg/L 2.6 3.2 3.6
Total Arsenic mg/kg 13 13 18
SPLP Arsenic mg/L <0.10 <0.10 <0.10
“Total Chloride - mg/kg 1,200 2,700 5,700
Material pH s.u. 89 9.2 9.1
II. PHYSICAL PROPERTIES
Ignitability, Flash Point °C 35 39 39
Moisture Content, Dry Basis % 58 62 59
Bulk Density Ib/ft? 95 . 95 95
Bulk Specific Gravity - 1.5 1.5 . 1.5

(1) A, B, and C represent multiple aliquots of the untreated material.
- Not applicable or Not Analyzed
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.

216 PATERSON PLANK ROAD SITE

TABLE 6

Phase II: Screening Tests

Summary of Mixture Development and Monitoring

KIBER REAGENT WATER PENETROMETER STRENGTH TESTING
SAMPLE REAGENT ADDITION | ADDITION (tons/ft?)

No. TYPE q) (%) @ (%) @ 1 Day 2 Day 3 Day 7Day | 14 Day 19 Day 21 Day
2964-001 Type I Portland Cement 10 8 <0.5 <0.5 <0.5 <0.5 05 0.5 1.5
2964-002 Type I Portland Cement 20 16 <0.5 <0.5 <0.5 <0.5 1.0 1.0 1.0
2964-003 Type I Portland Cement 30 17.5 <0.5 <0.5 <0.5 <0.5 0.5 0.5 0.5
2964-004 Type I Portland Cement 40 20 <0.5 <0.5 <0.5 <0.5 0.5 1.0 20
2964-005 Type I Portland Cement 50 25 <0.5 <0.5 <0.5 <0.5 0.5 1.5 25
2964-006 Type I Portland Cement / Organophillic Clay 20/3 16 <0.5 <0.5 <0.5 <0.5 1.0 1.5 1.5
2964-007 Type I Portland Cement / Organophillic Clay 40/3 28 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 0S5
2964-008 Type I Portland Cement / Organophillic Clay 20/5 25 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 0.5
2964-009 Type I Portland Cement / Organophillic Clay 40/5 27 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 1.0
2964-010 Type I Portland Cement / Organophillic Clay 40/7 30 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 1.0
2964-011 Type I Portland Cement / Hydrated Lime 10710 275 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 0.5
2964-012 Type I Portland Cement / Hydrated Lime 20/20 40 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 0.5

(1) Al reagents will be blended dry, slurried with water and added to the untreated material and blended.
(2) For a mixture with 10% reagent addition and 10% water addition, 20 grams of reagent will be slurried with
20 grams of water and added to 200 grams of untreated material.
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KIBER ENVIRONMENTAL SERVICES, INC.

TABLE 7

Phase II: Screening Tests

GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

Summary of Unconfined Compressive Strength Testing - ASTM D 2166

UNCONFINED COMPRESSIVE STRENGTH TESTING (UCS) )

KIBER REAGENT WATER Moisture Bulk Dry
SAMPLE REAGENT ADDITION | ADDITION Content Density Density ucs
No. TYPE (1) (%) @ (%) (@ (%) (1bs/?) (1bs/ft?) (Ibs/in?)
2964-001 Type I Portland Cement 10 8 42 101 71 14
2964-002 Type I Portland Cement 20 16 44 100 69 1
2964-003 Type I Portland Cement 30 17.5 - - - -
2964-004 Type I Portland Cement 40 20 41 107 76 11
2964-005 Type I Portland Cement 50 25 37 106 77 14
2964-006 Type I Portland Cement / Organophillic Clay 20/3 16 44 102 71 14
2964-007 Type I Portland Cement / Organophillic Clay 40/3 28 - - - -
2964-008 Type I Portland Cement / Organophillic Clay 20/5 25 51 97 64 6
2964-009 Type I Portland Cement / Organophillic Clay 40/5 27 44 101 70 12
2964-010 Type I Portland Cement / Organophillic Clay 40/7 30 - - - -
2964-011 Type I Portland Cement / Hydrated Lime 10/10 27.5 - - - -
2964-012 Type I Portland Cement / Hydrated Lime 20/20 40 52 95 63 15

(1) All reagents will be blended dry, slurried with water and added to the untreated material and blended.
(2) For a mixture with 10% reagent addition and 10% water addition, 20 grams of reagent will be slurried with
20 grams of watcr and added to 200 grams of untreated material.

(3) Unconfined compressive strength testing was performed after 21 days of curing.

- Testing Not Performed
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 8

Phase III: Intermediate Tests - Air Stripping
Summary of Glove Bag Setup and Monitoring
(Air Stripping)

UNTREATED
MATERIAL
TYPE

UNTREATED
MASS

(g)

INFLOW
(Ipm)

OUTFLOW
(Ipm)

AIR
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(min)
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 9

Phase III: Intermediate Tests - Air Stripping
Summary of Total Volatile Organic Analyses - EPA Method 8260B

(Air Stripped Soll)
RESULTS (ug/kg) (1
ANALYTICAL 0 Minutes 10 Minutes 30 Minutes 60 Minutes 120 Minutes
PARAMETER Conc, DL Cong. DL Conc. DL Conc. DL Conc. DL
I. TOTAL VOLATILES
Acetone - 2,000,000 | 77,0007 1,900,000 | 67,0007 [1,900,000 - 1,900,000 - 1,900,000
Benzene 27,000J | 98,000 8,500) | 96,000 - 95,000 - 95,000 - 93,000
Bromobenzene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Bromochloromethane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Bromodichloromethane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Bromoform - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Bromomethane - 200,000 - 190,000 - 190,000 - 190,000 - 190,000
2-butanone 190,000 J |2,000,000 | 86,0007J [1,900,000 | 48,000 ) [1,900,000 - 1,900,000 - 1,900,000
n-Butyibenzene 33,000J | 98,000 26,000J | 96,000 23,000) | 95,000 21,000J 1,900,000 | 16,000] | 93,000
s-Butylbenzene 7,700 98,000 - 96,000 - 95,000 - 95,000 - 93,000
t-Butlybenzene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Carbon disulfide - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Carbon tetrachloride - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Chlorobenzene 190,000 98,000 110,000 96,000 77,0007J | 95,000 50,0007J | 95,000 27,000) | 93,000
Chorodibromomethane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Chlorocthane - 200,000 - 190,000 - 190,000 - 190,000 - 190,000
2-Chloroethyl vinyl ether - 200,000 - 190,000 - 150,000 - 190,000 - 190,000
Chloroform 72,000J | 98,000 | 20,000J | 96,000 8,200J | 95,000 - 95,000 - 93,000
Chloromethane - 200,000 - 190,000 - 190,000 - 190,000 - 190,000
2-Chlorotoluene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
4-Chlorotoluene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,2-Dibromo-3-Chloropropane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,2-Dibromoethane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Dibromomecthane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,2-Dichlorobenzene 190,000 98,000 130,000 96,000 120,000 95,000 110,000 95,000 81,000J | 93,000
1,3-Dichlorobenzene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,4-Dichlorobenzene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Dichlorodifluoromethane - 200,000 - 190,000 - 190,000 - 190,000 - 190,000
1,1-Dichlorocthane 66,0007 | 98,000 12,000 J | 96,000 - 95,000 - 95,000 - 93,000
1,2-Dichloroethane 59,000 | 98,000 18,000J | 96,000 89007] | 95,000 - 95,000 - 93,000
1,1-Dichlorocthene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
cis-1,2-Dichlorocthene 25,000F | 98,000 5,500 96,000 - 95,000 - 95,000 - 93,000
trans-1,2-Dichlorocthene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,2-Dichloropropane 9,100 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,3-Dichloropropane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Page 1 of 2
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 9

Phase 11I: Intermediate Tests - Air Stripping
Summary of Total Volatile Organic Analyses - EPA Method 8260B

(Air Stripped Soil)
RESULTS (ug/kg)
ANALYTICAL 0 Minutes 10 Minutes 30 Minutes 60 Minutes 120 Minutes
PARAMETER Conc. DL Conc. DL Caonc. DL Conc. DL Conc. DL

I. TOTAL VOLATILES
2,2-Dichloropropane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
cis-1,3-Dichloropropene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
trans-1,3-Dichloropropene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,1-Dichloropropene - 98,000 - 96,000 - 95,000 - - | 95000 - 93,000
Ethylbenzene 730,000 | 98,000 | 490,000 | 96,000 | 350,000 | 95,000 | 230,000 | 95000 | 130,000 | 93,000
2-Hexanone - 200,000 - 190,000 - 190,000 - 190,000 - 190,000
Hexachlorobutadiene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Isopropyl benzene 28,000) | 98,000 22,000J | 96,000 17,000J | 95,000 12,000J | 95,000 7.8001 | 93,000
p-isopropyltoluene 13,000 | 98,000 7,500 | 96,000 6,700J | 95,000 5.900J { 95,000 - 93,000
4-Methyl-2-pentanone (MIBK)] 250,000 | 200,000 |130,000J| 190,000 | 77,0007 | 190,000 | 38,000J | 190,000 - 190,000
Methylene chlonide 55,000 | 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Naplithalene 58,0007] | 200,000 | 46,0007 | 190,000 | 45,0007 | 190,000 | 44,000J | 190,000 | 36,0007J | 190,000
n-Propyl benzene 77,0007 | 98,000 60,000 | 96,000 | 48,000J | 95,000 38,000J | 95000 | 25,000J | 93,000
Styrene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,1,1,2-Tetrachloroethane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,1,2,2-Tetrachlorocthane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Tetrachlorocthene 5,800,000 | 98,000 (2,900,000 | 96,000 {1,800,000 | 95,000 1,100,000 | 95,000 | 610,000 | 93,000
Toluene 5,900,000 | 98,000 |2,400,000 | 96,000 {1,400,000 | 95,000 | 740,000 | 95,000 { 370,000 | 93,000
1,2,3-Trichlorobenzene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,2,4-Trichlorobenzene - 98,000 - 96,000 - 95,000 - 95,000 . - 93,000
1,1,1-Trichloroethane 700,000 | 98,000 | 230,000 | 96,000 89,000J | 95,000 38,000J | 95,000 16,0001 | 93,000
1,1,2-Trichloroethane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
Trichloroethene 8,000,000 | 98,000 2,600,000 | 96,000 |1,200,000 [ 95,000 | 560,000 | 95,000 | 260,000 | 93,000
Trchlorofluoromethane - 200,000 - 190,000 - 190,000 - 190,000 - 190,000
1,2,3-Trichloropropane - 98,000 - 96,000 - 95,000 - 95,000 - 93,000
1,2,4-Trimethylbenzene 300,000 | 98,000 {240,000 | 96,000 | 210,000 | 95,000 | 180,000 | 95,000 | 130,000 | 93,000
1,3,5-Trimethylbenzene 110,000 | 98,000 86,000J | 96,000 | 68,000J | 95,000 61,0007 | 95000 | 43,000J) | 93,000
Vinyl Acetate - 200,000 - 190,000 - 190,000 - 190,000 - 190,000
Vinyl Chloride - 200,000 - 190,000 - 190,000 - 190,000 - 190,000
o-xylene 800,000 | 98,000 | 560,000 | 96,000 | 430,000 | 95,000 | 310,000 | 95,000 190,000 | 93,000
m-Xylene 3,000,000 | 98,000 2,100,000 | 96,000 (1,500,000 | 95,000 [1,000,000 [ 95,000 | 620,000 | 93,000
p-xylene - 98,000 - 96,000 - 95,000 - 95,000 - 93,000

(1) The time interval indicates that the sample was taken after the specified amount of air stripping.

DL Detection Limit

J Estimated Value

- Non Detectable concentrations
264 215
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.

TABLE 10

216 PATERSON PLANK ROAD SITE

Phase III: Intermediate Tests - Air Stripping
Summary of Total Volatile Organic Analyses - EPA Method 82608

(Carbon Cartridges)
RESULTS (ug/kg) o)
ANALYTICAL Carbon A Carbon B Carbon C
PARAMETER Conc. DL Conc. DL Conc. DL

I TOTAL VOLATILES

Acetone ' - 31,000,000 - 71,000,000 - 71,000,000
Benzene - 1,600,000 - 3,600,000 - 3,600,000
Bromobenzene - 1,600,000 - 3,600,000 - 3,600,000
Bromochloromethane - 1,600,000 - 3,600,000 - 3,600,000
Bromodichloromethane - 1,600,000 - 3,600,000 - 3,600,000
Bromoform - 1,600,000 - 3,600,000 - 3,600,000
Bromomethane - 3,100,000 - 7,100,000 - 7,100,000
2-butanone - 31,000,000 - 71,000,000 - 71,000,000
n-Butylbenzene - 1,600,000 - 3,600,000 - 3,600,000
s-Butylbenzene 190,0007J | 1,600,000 - 3,600,000 - 3,600,000
t-Butlybenzene - 1,600,000 - 3,600,000 - 3,600,000
Carbon disulfide - 1,600,000 - 3,600,000 - 3,600,000
Carbon tetrachloride - 1,600,000 - 3,600,000 - 3,600,000
Chlorobenzene 1,500,000 J | 1,600,000 - 3,600,000 - 3,600,000
Chorodibromomethane - 1,600,000 - 3,600,000 - 3,600,000
Chloroethane - 3,100,000 - 7,100,000 - 7,100,000
2-Chloroethy! vinyl ether - 3,100,000 - 7,100,000 - 7,100,000
Chloroform - 1,600,000 - 3,600,000 - 3,600,000
Chloromethane - 3,100,000 - 7,100,000 - 7,100,000
2-Chlorotoluene - 1,600,000 - 3,600,000 - 3,600,000
4-Chlorotoluene - 1,600,000 - 3,600,000 - 3,600,000
1,2-Dibromo-3-Chloropropane - 1,600,000 - 3,600,000 - 3,600,000
1,2-Dibromoethane - 1,600,000 - 3,600,000 - 3,600,000
Dibromomethane - 1,600,000 - 3,600,000 - 3,600,000
1,2-Dichlorobenzene 2,400,000 | 1,600,000 |3,500,0007] 3,600,000 | 580,0007 | 3,600,000
1,3-Dichlorobenzene - 1,600,000 - -1 3,600,000 - 3,600,000
1,4-Dichlorobenzene - 1,600,000 - 3,600,000 - 3,600,000
Dichlorodifluoromethane - 3,100,000 - 7,100,000 - 7,100,000
1,1-Dichloroethane - 1,600,000 - 3,600,000 - 3,600,000
1,2-Dichloroethane - 1,600,000 - 3,600,000 - 3,600,000
1,1-Dichloroethene - 1,600,000 - 3,600,000 - 3,600,000
cis-1,2-Dichloroethene - 1,600,000 - 3,600,000 - 3,600,000
trans-1,2-Dichloroethene - 1,600,000 - 3,600,000 - 3,600,000
1,2-Dichloropropane - 1,600,000 - 3,600,000 - 3,600,000
1,3-Dichloropropane - 1,600,000 - 3,600,000 - 3,600,000
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 10
Phase III: Intermediate Tests - Air Stripping

Summary of Total Volatile Organic Analyses - EPA Method 8260B

(Carbon Cartridges)
RESULTS (ug/kg)
ANALYTICAL Carbon A Carbon B Carbon C
PARAMETER Conc. DL Conc. DL Conc. DL

I. TOTAL VOLATILES

2,2-Dichloropropane - 1,600,000 - 3,600,000 - 3,600,000
cis-1,3-Dichloropropene - 1,600,000 - 3,600,000 - 3,600,000
trans-1,3-Dichloropropene - 1,600,000 - 3,600,000 - 3,600,000
1,1-Dichloropropene - 1,600,000 - 3,600,000 - 3,600,000
Ethylbenzene 7,300,000 | 1,600,000 | 7,300,000 | 3,600,000 {12,000,000 | 3,600,000
2-Hexanone - 3,100,000 - 7,100,000 - 717,100,000
Hexachlorobutadiene - 1,600,000 - 3,600,000 - 3,600,000
Isopropyl benzene 490,000J | 1,600,000 | 460,000 | 3,600,000 | 810,0007J | 3,600,000
p-isopropyltoluene 320,0007J | 1,600,000 | 330,000J) | 3,600,000 | 220,0007J | 3,600,000
4-Methyl-2-pentanone (MIBK) (1,500,000 7J| 3,200,000 |1,200,0007J{ 7,100,000 |2,500,0007J} 7,100,000
Methylene chloride - 1,600,000 - 3,600,000 - 3,600,000
Naphthalene - 3,200,000 - 7,100,000 - 7,100,000
n-Propyl benzene 1,600,000 | 1,600,000 {1,700,0007]| 3,600,000 |2,500,0001J | 3,600,000
Styrene - 1,600,000 - 3,600,000 - 3,600,000
1,1,1,2-Tetrachloroethane - 1,600,000 - 3,600,000 - 3,600,000
1,1,2,2-Tetrachloroethane - 1,600,000 - 3,600,000 - 3,600,000
Tetrachloroethene 27,000,000 | 1,600,000 {29,000,000 | 3,600,000 |40,000,000 | 3,600,000
Toluene 18,000,000 | 1,600,000 |19,000,000 | 3,600,000 |27,000,000 | 3,600,000
1,2,3-Trichlorobenzene - 1,600,000 - 3,600,000 - 3,600,000
1,2,4-Trichlorobenzene - 1,600,000 - 3,600,000 - 3,600,000
1,1,1-Trichloroethane 380,0007 | 1,600,000 | 400,000 | 3,600,000 { 530,0007 | 3,600,000
1,1,2-Trichloroethane - 1,600,000 - 3,600,000 - 3,600,000
Trichloroethene 7,900,000 | 1,600,000 | 8,800,000 | 3,600,000 |11,000,000 | 3,600,000
Trichlorofluoromethane - 3,100,000 - 7,100,000 - 7,100,000
1,2,3-Trichloropropane - 1,600,000 - 3,600,000 - 3,600,000
1,2,4-Trimethylbenzene 6,300,000 | 1,600,000 | 8,400,000 | 3,600,000 {2,800,00017| 3,600,000
1,3,5-Trimethylbenzene 2,600,000 | 1,600,000 |3,300,00017J| 3,600,000 |2,700,0007J | 3,600,000
Vinyl Acetate - 3,200,000 - 7,100,000 - 7,100,000
Vinyl Chloride - 3,200,000 - 7,100,000 - 7,100,000
o-xylene 13,000,000 | 1,600,000 |15,000,000 | 3,600,000 121,000,000 | 3,600,000
m-xylene 39,000,000 | 1,600,000 (43,000,000 | 3,600,000 |65,000,000 | 3,600,000
p-xylene - 1,600,000 - 3,600,000 - 3,600,000

)

DL

A, B and C represent the carbon cartridges in series. Carbon A was the carbon cartridge closest to the outside air, Carbon B
represents the middie carbon and Carbon C was the carbon cartridge closest to the glovebag.

Detection Limit
Estimated Value
Non Detectable concentrations

2964_214
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.

216 PATERSON PLANK ROAD SITE

TABLE 11

Phase III: Intermediate Tests - Zero Valent Iron Amendment
Summary of Total Volatile Organic Analyses - EPA Method 8260B

(Parent Material)
RESULTS (ug/kg)
A B C D

ANALYTICAL Mixtures 013 & 017 | Mixtures 014 & 018 | Mixtures 015 & 019 | Mixtures 016 & 020

PARAMETER Conc. DL Conc. DL Conc. DL Conc. DL
L. TOTAL VOLATILES |
Acetone 86,0007 | 200,000 | 670,000 | 190,000 | 130,000 J |2,000,000 | 190,000 J |2,000,000
Benzene 7,6007 9,900 71,000 9,300 - 100,000 12,0007 | 100,000
Bromobenzene - 9,900 - 9,300 - 100,000 - 100,000
Bromochloromethane - 9,500 - 9,300 - 100,000 - 100,000
Bromodichloromethane - | 9,900 - 9,300 - 100,000 - 100,000
Bromoform - 9,900 - 9,300 - 100,000 - 100,000
Bromomethane - 20,000 - 19,000 - 200,000 - 200,000
2-butanone 74,000 | 200,000 | 830,000 | 190,000 | 91,0007J {2,000,000 | 130,000 7 |2,000,000
n-Butylbenzene 16,000 9,900 180,000 9,300 16,000 J | 100,000 17,000 J | 100,000
s-Butylbenzene 2,9007 9,900 39,000 9,300 - 100,000 - 100,000
t-Butlybenzene - 9,900 - 9,300 - 100,000 - 100,000
Carbon disulfide - 9,900 - 9,300 - 100,000 - 100,000
Carbon tetrachloride - 9,900 - 9,300 - 100,000 - 100,000
Chlorobenzene 75,000 9,900 93,000 9,300 71,000 100,000 | 85,0007 | 100,000
Chorodibromomethane - 9,900 - 9,300 - 100,000 - 100,000
Chloroethane - 20,000 - 19,000 - 200,000 - 200,000
2-Chloroethyl vinyl ether - 20,000 - 19,000 - 200,000 - 200,000
Chloroform 24,000 9,900 200,000 9,300 13,000 ) | 100,000 38,0007 | 100,000
Chloromethane - 20,000 - 19,000 - 200,000 - 200,000
2-Chlorotoluene - 9,900 4,400 9,300 - 100,000 - 100,000
4-Chlorotoluene - 9,900 3,7003 9,300 - 100,000 - 100,000
1,2-Dibromo-3-Chloropropane - 9,900 - 9,300 - 100,000 - 100,000
1,2-Dibromoethane - 9,900 - 9,300 - 100,000 - 100,000
Dibromomethane - 9,900 - 9,300 - 100,000 - 100,000
1,2-Dichlorobenzene 82,000 9,900 110,000 9,300 84,0007 | 100,000 | 88,0007J | 100,000
1,3-Dichlorobenzene - 9,900 30007 9,300 - 100,000 - 100,000
1,4-Dichlorobenzene 2,100 9,900 21,000 9,300 - 100,000 - 100,000
Dichlorodiflucromethane - 20,000 - 19,000 - 200,000 - 200,000
1,1-Dichloroethane 12,000 9,900 140,000 9,300 7,1007 100,600 | 36,0007 | 100,000
1,2-Dichloroethane 27,000 9,900 250,000 9,300 22,000F | 100,000 | 43,0007J | 100,000
1,1-Dichloroethene - 9,900 3,5007] 9,300 - 100,000 - 100,000
cis-1,2-Dichloroethene 6,1007 9,900 62,000 9,300 - 100,000 14,000 J | 100,000
trans-1,2-Dichloroethene - 9,900 8907 9,300 - 100,000 - 100,000
1,2-Dichloropropane 4,000 9,900 26,000 9,300 - 100,000 - 100,000
1,3-Dichloropropane - 9,900 - 9,300 - 100,000 - 100,000
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 11
Phase III: Intermediate Tests - Zero Valent Iron Amendment
Summary of Total Volatile Organic Analyses - EPA Method 82608

(Parent Material)
RESULTS (ug/kg)
A B C D

ANALYTICAL Mixtures 013 & 017 Mixtures 014 & 018 Mixtures 015 & 019 Mixtures 016 & 020

PARAMETER Conc. DL Conc. DL Conc. DL Conc. DL
I. TOTAL VOLATILES .
2,2-Dichloropropane - 9,900 - 9,300 - 100,000 - 100,000
cis-1,3-Dichloropropene - 9,900 - 9,300 - 100,000 - 100,000
trans-1,3-Dichloropropene - 9,900 - 9,300 - 100,000 - 100,000
1,1-Dichloropropene - 9,900 - 9,300 - 100,000 - 100,000
Ethylbenzene 280,000 9,900 290,000 93,000 210,000 | 100,000 | 260,000 | 100,000
2-Hexanone - 20,000 - 19,000 - 200,000 - 200,000
Hexachlorobutadiene - 9,900 - 9,300 - 100,000 - 100,000
Isopropyl benzene 13,000 9,900 120,000 9,300 6,600J | 100,000 7,3007 | 100,000
p-isopropyltoluene 3,6007 9,900 47,000 9,300 - 100,000 - 100,000
4-Methyl-2-pentanone (MIBK) 81,000 20,000 120,000 190,000 - 200,000 | 130,0007J | 200,000
Methylene chloride 15,000 9,900 160,000 9,300 - 1 100,000 | 46,0007 | 100,000
Naphthalene 15,0007 { 20,000 120,000 19,000 28,0007 | 200,000 | 33,000J | 200,000
n-Propyl benzene 35,000 9,900 260,000 9,300 21,0007 | 100,000 | 23,0007 | 100,000
Styrene - 9,900 - 9,300 - 100,000 - 100,000
1,1,1,2-Tetrachloroethane - 9,900 - 9,300 - 100,000 - 100,000
1,1,2,2-Tetrachloroethane - 9,900 - 9,300 - 100,000 - 100,000
Tetrachloroethene 700,000 9,900 1,600,000 | 93,000 (1,300,000 | 100,000 |1,600,000 | 100,000
Toluene 750,000 9,900 1,700,000 | 93,000 |1,300,000 | 100,000 |1,800,000 | 100,000
1,2,3-Trichlorobenzene - 9,900 1,500 9,300 - 100,000 - 100,000
1,2,4-Trichlorobenzene 1,3007 9,900 12,000 9,300 - 100,000 - 100,000
1,1,1-Trichloroethane 170,000 9,900 200,000 9,300 130,000 | 100,000 | 310,000 100,000
1,1,2-Trichloroethane 4,500 9,900 32,000 9,300 - 100,000 - 100,000
Trichloroethene 740,000 5,000 1,700,000 | 93,000 |1,300,000 | 100,000 |2,100,000 | 100,000
Trichlorofluoromethane - 20,000 - 19,000 - 200,000 - 200,000
1,2,3-Trichloropropane - 9,900 - 9,300 T 100,000 - 100,000
1,2,4-Trimethylbenzene 130,000 9,900 130,000 93,000 99,000J | 100,000 | 110,000 100,000
1,3,5-Trimethylbenzene 43,000 9,900 270,000 9,300 29,0007 | 100,000 | 36,000J | 100,000
Vinyl Acetate - 20,000 - 19,000 - 200,000 - 200,000
Vinyl Chloride - 20,000 - 19,000 - 200,000 - 200,000
o-xylene 310,000 9,900 320,000 93,000 220,000 | 100,000 | 270,000 | 100,000
m-xylene 500,000 9,900 1,200,000 | 93,000 870,000 | 100,000 {1,000,000 | 100,000
p-Xylene - 9,900 - 9,300 - 100,000 - 100,000

DL Detection Limit
J  Estimated Value
- Non Detectable concentrations
2964_216
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 12
Phase III: Intermediate Tests - Zero Valent Iron Amendment
Summary of SPLP Volatile Organic Analyses - EPA Methods 1312/8260B

. (Parent Material)
RESULTS (ug/L)
A B C D
ANALYTICAL Mixtures 013 & 017 | Mixtures 014 & 018 | Mixtures 015 & 019 | Mixtures 016 & 020
PARAMETER Congc. DL Cone. DL Conc. DL Conc. DL

I. SPLP VOLATILES
Acetone 4,200 10,000 5,1007 10,000 5,9007J 10,000 5,600 10,000
Benzene 540 500 610 500 640 500 640 500
Bromobenzene - 500 - 500 - 500 - 500
Bromochloromethane - 500 - 500 - 500 - 500
Bromodichloromethane - 500 - 500 - 500 : - 500
Bromoform - 500 - 500 - 500 - 500
Bromomethane - 1,000 - 1,000 - 1,000 - 1,000
2-butanone 3,6007 10,000 4,6007J 10,000 49007 10,000 4,8007J 10,000
n-Butylbenzene - 500 - 500 - 500 - 500
s-Butylbenzene - 500 - 500 - 500 - 500
t-Butlybenzene - 500 - 500 - 500 - 500
Carbon disulfide - 500 - 500 . - 500 - 500
Carbon tetrachloride - 500 - 500 - 500 - 500
Chlorobenzene 1,400 500 1,500 500 1,600 500 1,400 500

. Chorodibromomethane - 500 - 500 - 500 - 500
Chloroethane - 1,000 - 1,000 - 1,000 - 1,000
2-Chloroethyl vinyl ether - | 1,000 - 1,000 - 1,000 - 1,000
Chloroform 2,300 500 2,600 500 2,500 500 2,700 500
Chloromethane - 1,000 - 1,000 - 1,000 - 1,000
2-Chlorotoluene - 500 - 500 - 500 - 500
4-Chlorotoluene - 500 - 500 - 500 - 500
1,2-Dibromo-3-Chloropropane - 500 - 500 - 500 - 500
1,2-Dibromoethane - 500 - 500 - 500 - 500
Dibromomethane - 500 - 500 - 500 - 500
1,2-Dichlorobenzene 460J 500 520 500 530 500 4707 500
1,3-Dichlorobenzene - 500 - 500 - 500 - 500
1,4-Dichlorobenzene - 500 - 500 - 500 - 500
Dichlorodifluoromethane - 1,000 - 1,000 - 1,000 - 1,000
1,1-Dichloroethane 1,800 500 2,300 500 2,400 500 2,800 500
1,2-Dichloroethane 2,400 500 3,100 500 3,200 500 3,100 500
1,1-Dichloroethene - 500 48 ) 500 477 500 587 500
cis-1,2-Dichloroethene 640 500 750 500 820 500 910 500
trans-1,2-Dichloroethene - 500 - 500 - 500 - 500
1,2-Dichloropropane 2407 500 2507 500 2407 500 2307 500
1,3-Dichloropropane - 500 - 500 - 500 - 500
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.

216 PATERSON PLANK ROAD SITE

TABLE 12

Phase IT1: Intermediate Tests - Zero Valent Iron Amendment
Summary of SPLP Volatile Organic Analyses - EPA Methods 1312/8260B

(Parent Material)
RESULTS (ug/L)
A B C D

ANALYTICAL Mixtures 013 & 017 | Mixtures 014 & 018 | Mixtures 015 & 019 | Mixtures 016 & 020

PARAMETER Conc. l DL Conc. DL Conc. DL Conc. DL
1. SPLP VOLATILES
2,2-Dichloropropane - 500 - 500 - 500 - 500
cis-1,3-Dichloropropene - 500 - 500 - 500 - 500
trans-1,3-Dichloropropene - 500 - 500 - 500 - 500
1,1-Dichloropropene - 500 - 500 - 500 - 500
Ethylbenzene 2,900 500 2,800 500 2,800 500 2,700 500
2-Hexanone - 1,000 - 1,000 - 1,000 - 1,000
Hexachlorobutadiene - 500 - 500 - 500 - 500
Isopropyl benzene 411] 500 397 500 38J 500 357 500
p-isopropyltoluene - 500 - 500 - 500 - 500
4-Methyl-2-pentanone (MIBK) 5,200 1,000 6,700 1,000 7,100 1,000 6,800 1,000
Methylene chloride 2,700 500 3,300 500 3,300 500 3,900 500
Naphthalene 1007 1,000 1007 1,000 97) 1,000 %03 1,000
n-Propyl benzene 9017 500 8617 500 - 827 500 767 500
Styrene - 500 - 500 - 500 - 500
1,1,1,2-Tetrachloroethane - 500 - 500 - 500 - 500
1,1,2,2-Tetrachloroethane - 500 - 500 - 500 - 500
Tetrachloroethene 13,000 500 13,000 500 12,000 500 11,000 500
Toluene 41,000 5,000 48,000 5,000 42,000 5,000 45,000 5,000
1,2,3-Trichlorobenzene - 500 - 500 - 500 - 500
1,2,4-Trichlorobenzene - 500 - 500 - 500 - 500
1,1,1-Trichloroethane 10,000 500 12,000 500 12,000 500 12,000 500
1,1,2-Trichloroethane 2107 500 2107 500 1807 500 1607 500
Trichloroethene 62,000 5,000 78,000 5,000 67,000 5,000 75,000 5,000
Trichlorofluoromethane - 1,000 - 1,000 - 1,000 - 1,000
1,2,3-Trichloropropane - 500 - 500 - 500 - 500
1,2,4-Trimethylbenzene 4707 500 4407 500 4207 500 3907 500
1,3,5-Trimethylbenzene 1407 500 1307 500 1207 500 1207 500
Vinyl Acetate - 1,000 - 1,000 - 1,000 - 1,000
Vinyl Chloride - 1,000 88J 1,000 6513 1,000 1507 1,000
o-xylene 3,300 500 3,200 500 3,200 500 3,000 500
m-xylene 9,800 500 9,400 500 9,700 500 9,000 500
p-Xylene - 500 - 500 - 500 - 500

DL Detection Limit
J  Estimated Value
- Non Detectable concentrations
2964_217
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 13
Phase III: Intermediate Tests - Zero Valent Iron Amendment
Summary of Total PCB and Chloride Analyses - EPA Methods 8082/325.2

(Parent Material)
RESULTS (ug/kg) (1)
A B c D

ANALYTICAL Mixtures 013 & 017 | Mixtures 014 & 018 | Mixtures 015 & 019 | Mixtures 016 & 020

PARAMETER Conc, DL Conc. | DL Conc. | DL Conc. | DL
I TOTAL PCBs
Aroclor-1016 . 26,000 ) 25,000 i 27,000 i 27,000
Aroclor-1221 - 26,000 . 25,000 ] 27,000 i 27,000
Aroclor-1232 - 26,000 ] 25,000 . 27,000 i 27,000
Aroclor-1242 430,000 | 26000 | 410,000 | 25,000 | 500,000 | 27.000 | 340,000 | 27.000
Aroclor-1248 - 26,000 ] 25,000 ) 27.000 A 27,000
Aroclor-1254 - 26,000 ] 25,000 ] 27.000 i 27.000
Aroclor-1260 - 26,000 - 25,000 - 27,000 - 27,000
1. ADDITIONAL PARAMETERS
Chloride (mg/kg) 40,000 | 13,000 | 25000 | 12,000 | 29,000 | 13,000 | 14,000 | 13,000

DL

Detection Limit
Estimated Value
Non Detectable Concentrations
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KIBER ENVIRONMENTAL SERVICES, INC.
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216 PATERSON PLANK ROAD SITE

TABLE 14
Phase I1I: Intermediate Tests - Zero Valent Iron Amendment
Summary of SPLP PCB and Chloride Analyses - EPA Methods 1312/8082

(Parent Material)
RESULTS (ug/L)
A B C D

ANALYTICAL Mixtures 013 & 017 | Mixtures 014 & 018 | Mixtures 015 & 019 | Mixtures 016 & 020

PARAMETER Conc. DL Conc. DL Conc. ] DL Conc, T DL
L SPLP PCBs
Aroclor-1016 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1221 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1232 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1242 98 0.50 190 0.50 100 0.50 140 0.50
Aroclor-1248 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1254 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1260 - 0.50 - 0.50 - 0.50 - 0.50

DL

Detection Limit
Non Detectable Concentrations
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TABLE 15

Phase III: Intermediate Tests - Zero Valent Iron Amendment

Summary of Mixture Development

" REAGENT

KIBER WATER
SAMPLE MATERIAL REAGENT ADDITION ADDITION
No. TYPE TYPE (%) @ (%) @
l I
REAGENT ONLY )
2964-013 Parent A Type I Portland Cement 10 8
2964-014 Parent B Type I Portland Cement / Organophillic Clay 20/3 16
2964-015 Parent C Type I Portland Cement / Organophillic Clay 20/5 25
2964-016 Parent D Type I Portland Cement / Hydrated Lime 10/10 20
REAGENT WITH IRON ADDITION ()
2964-017 Parent A Type I Portland Cement 10 8
2964-018 Parent B Type I Portland Cement / Organophillic Clay 20/3 16
2964-019 Parent C Type I Portland Cement / Organophillic Clay 20/5 25
2964-020 Parent D Type I Portland Cement / Organophillic Clay 10/10 20

(1) Reagents were blended dry, slurried with water and added to the untreated material and blended. Note that these mixtures were blended in a similar
manner to those that received iron addition and were allowed to set for 3 days. After three days the treatment reagents were added.
(2) Iron was added to the untreated aliquot and blended until homogenous. The material was allowed to sit for a period of 3 days at which time treatment
reagents were blended dry, slurried with water and added to the untreated material and blended.

3) For a mixture with 10% reagent addition and 10% water addition, 20 grams of reagent will be slurried with

20 grams of water and added to 200 grams of untreated material.
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 16

Phase III: Intermediate Tests - Zero Valent Iron Amendment

Summary of Total Volatile Organic Analyses - EPA Method 8260B

(21 Day Cure)
RESULTS (u
10% Cement 20% Cement/ 3 % Clay | 20% Cement/ 5 % Clay {10% Cement/ 10 % Lime

ANALYTICAL 2964-013 | 2964-017 | 2964014 | 2964-018 | 2964-015 | 2964019 | 2964-016 | 2964-020

PARAMETER Reagent | IronFiling | Reagent | IronFiling | Reagent | IronFiling | Reagent | Iron Filing
I TOTAL VOLATILES
Acctone 20,0003 11,000J 13,000 8,700 14,000 11,0003 13,0007 11,0003
Benzene 6,300 3,800J 6,500J 33007 7,500 J 4,300 4,000J 2,100J
Bromobenzene <8200 < 7,800 < 8,200 <7900 < 8,400 < 8,200 < 8,000 <8200
Bromochloromethane < 8,200 <17,800 < 8,200 <7,900 < 8,400 < 8,200 < 8,000 < 8,200
Bromodichloromethane <8200 <7,800 < 8,200 < 7,900 < 8,400 <8200 < 8,000 <8200
Bromoform < 8,200 <7,800 < 8,200 < 7,900 < 8,400 < 8,200 < 8,000 < 8,200
Bromomethane < 8,200 < 7,800 <8,200 < 7,900 < 8,400 <8200 - < 8,000 <8200
2-butanone 16,000 9,300J 12,000 J 7,300 13,000J 9,000 8,600J 6,400J
n-Butylbenzene 23,000 19,000 24,000 18,000 21,000 18,000 21,000 18,000
s-Butylbenzene 4,500 3,800J 4,700 3,500 4,100J 3,400J 4,100J 3300J
t-Butlybenzene < 8,200 < 7,800 < 8,200 <7900 < 8,400 < 8,200 < 8,000 < 8,200
Carbon disulfide < 8,200 < 7,800 < 8,200 < 7,900 < 8,400 <8200 < 8,000 < 8,200
Carbon tetrachloride < 8,200 < 7,800 <8200 < 7,900 < 8,400 < 8,200 < 8,000 <8200
Chlorobenzene . 74,000 59,000 84,000 62,000 86,000 69,000 69,000 55,000
Chorodibromomethane <8200 <7,800 <8200 <7900 < 8,400 <8200 < 8,000 < 8,200
Chloroethane < 16,000 < 16,000 <16,000 | <16,000 < 17,000 < 16,000 < 16,000 < 16,000
2-Chloroethyl vinyl ether < 16,000 < 16,000 < 16,000 < 16,000 < 17,000 < 16,000 < 16,000 < 16,000
Chloroform 13,000 6,900J 13,000 5,900 15,000 73007 54003 2300J
Chloromethane < 16,000 <16,000 | <16,000 < 16,000 < 17,000 < 16,000 < 16,000 < 16,000
2-Chlorotoluene < 8,200 <7,800 < 8,200 <7900 < 8,400 < 8,200 < 8,000 < 8,200
4-Chlorotoluene < 8,200 < 7,800 < 8,200 < 7,900 < 8,400 < 8,200 < 8,000 <8200
1,2-Dibromo-3-Chloropropane < 8,200 <7,800 < 8,200 < 7,900 < 8,400 < 8,200 < 8,000 < 8,200
1,2-Dibromocthanc <8200 <7,800 <8200 < 7,900 < 8,400 <8200 < 8,000 < 8,200
Dibromomethane <8200 <7,800 < 8,200 < 7,900 < 8,400 < 8,200 < 8,000 <8200
1,2-Dichlorobenzene 110,000 91,000 130,000 97,000 130,000 110,000 120,000 96,000
1,3-Dichlorobenzene < 8,200 <7,800 <8200 < 7,900 < 8,400 < 8,200 < 8,000 <8200
1,4-Dichlorobenzenc 2,600J 2,400J 3,200J 2,600 3,100J 2,800J 2,700 J 2,500J
Dichlorodifluoromethane < 16,000 < 16,000 < 16,000 < 16,000 <17,000 < 16,000 <16,000 < 16,000
1,1-Dichloroethane 6,600J 3,400J 73007 2,700 J 10,000 4,500J 3,600 1,000J
1,2-Dichloroethane 10,000 4,800J 9,200 4,600 11,000 5,900J 4,400J 2,500J
1,1-Dichlorocthene 4707 < 7,800 <8200 .| <7900 870J < 8,200 < 8,000 <8200
cis-1,2-Dichlorocthene 32007 1,800J 3,600 1,600J 4,700 24007 1,600J 590J
trans-1,2-Dichlorocthene <8200 < 7,800 < 8,200 <7,900 < 8,400 <8,200 < 8,000 < 8,200
1,2-Dichloropropanc 3,500J 2,300 3,100 1,900 3,100J 2,000J 1,900J 1,100
1,3-Dichloropropane < 8,200 < 7,800 <8200 < 7,900 < 8,400 < 8,200 < 8,000 < 8,200

Page 1 of 2

400135




KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 16

Phase III: Intermediate Tests - Zero Valent Iron Amendment
Summary of Total Volatile Organic Analyses - EPA Method 8260B

(21 Day Cure)
RESULTS (ug/kg)
10% Cement 20% Cement /3 % Clay | 20% Cement/ 5 % Clay {10% Cement/ 10 % Lime

ANALYTICAL 2964-013 | 2964-017 { 2964014 | 2964-018 | 2964-015 | 2964-019 | 2964-016 | 2964-020

PARAMETER Reagent | Iron Filing | Reagent | IronFiling | Reagent | IronFiling | Reagent | Iron Filin
I TOTAL VOLATILES
2,2-Dichloropropane < 8,200 < 7,800 < 8,200 <7,900 < 8,400 <8200 < 8,000 < 8,200
cis-1,3-Dichloropropene <8200 <7,800 <8200 <7900 < 8,400 <8200 < 8,000 <8200
trans-1,3-Dichloropropene < 8,200 < 7,800 < 8,200 < 7,900 < 8,400 <8200 < 8,000 <8200
1,1-Dichloropropene <8200 < 7,800 <8200 < 7,900 < 8,400 <8200 < 8,000 < 8,200
Ethylbenzene 320,000 270,000 410,000 260,000 320,000 270,000 290,000 240,000
2-Hexanone < 16,000 < 16,000 < 16,000 < 16,000 < 17,000 < 16,000 < 16,000 < 16,000
Hexachlorobutadiene <8200 < 7,800 <8200 < 7,900 < 8,400 <8200 |- <8,000 <8200
Isopropyl benzene 15,000 12,000 15,000 11,000 14,000 11,000 13,000 10,000
p-isopropyltoluene 5,500 4,800J 5,700J 4,400J 5,000 4,400J 51007 4300J
4-Methyl-2-pentanone (MIBK) 76,000 44,000 63,000 43,000 66,000 46,000 46,000 37,000
Methylene chloride 1,800J < 7,800 1,800J <7,900 2,500J <8200 < 8,000 <8200
Naphthalene 41,000 32,000 38,000 28,000 36,000 27,000 36,000 28,000
n-Propyl benzene 48,000 38,000 49,000 36,000 43,000 36,000 41,000 34,000
Styrene <8200 <7,800 < 8,200 <7900 < 8,400 <8200 < 8,000 <8,200
1,1,1,2-Tetrachlorocthane < 8,200 < 7,800 < 8,200 < 7,900 < 8,400 <8200 < 8,000 <8200
1,12 2-Tetrachlorocthane < 8,200 <7,800 <8200 < 7,900 < 8,400 < 8,200 <8000 | <8200
Tetrachloroethene 2,000,000 | 1,400,000 | 2,200,000 | 1,700,000 | 1,800,000 | 1,600,000 | 1,600,000 | 1,400,000
Toluene 1,600,000 | 1,000,000 | 1,800,000 | 1,400,000 | 1,600,000 } 1,400,000 | 1,300,000 | 1,100,000
1,2,3-Trichlorobenzene <8200 <7,800 <8200 <7,900 < 8,400 <8200 < 8,000 <8200
1,2,4-Trichlorobenzene <8200 < 7,800 <8200 < 7,900 < 8,400 <8200 < 8,000 <8200
1,1,1-Trichlorocthane 170,000 110,000 190,000 100,000 220,000 120,000 120,000 57,000
1,1,2-Trichlorocthane <8200 <17,800 < 8,200 <7,900 < 8,400 < 8,200 < 8,000 <8200
Trichloroethene 1,700,000 | 790,000 | 1,900,000 | 1,200,000 | 1,800,000 | 1,300,000 | 1,100,000 | 860,000
Trichlorofluoromethane < 16,000 < 16,000 < 16,000 < 16,000 < 17,000 < 16,000 < 16,000 < 16,000
1,2,3-Trichloropropane < 8,200 < 7,800 <8200 < 7,900 < 8,400 <8200 < 8,000 < 8,200
1,2,4-Trimethylbenzene 180,000 150,000 180,000 140,000 170,000 140,000 170,000 140,000
1,3,5-Trimethylbenzene 63,000 51,000 64,000 47,000 56,000 46,000 55,000 47,000
Vinyl Acetate < 16,000 < 16,000 < 16,000 < 16,000 < 17,000 < 16,000 < 16,000 < 16,000
Vinyl Chloride < 16,000 < 16,000 < 16,000 < 16,000 < 17,000 < 16,000 < 16,000 < 16,000
o-xylene 400,000 310,000 450,000 370,000 380,000 350,000 370,000 320,000
m-Xylene 1,400,000 | 1,100,000 | 1,600,000 | 1,300,000 | 1,300,000 | 1,200,000 | 1,300,000 | 1,100,000
p-xylene <8200 < 17,800 <8,200 <7,900 < 8,400 <8200 < 8,000 < 8,200

DL Detection Limit
] Estimated Valuc
- Non Detectable concentrations
2964_221
Page 2 of 2
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 17

Phase III: Intermediate Tests - Zero Valent Iron Amendment
Summary of SPLP Volatile Organic Analyses - EPA Methods 1312/8260B

(21 Day Cure)
RESULTS (ug/L)
10% Cement 20% Cement /3 % Clay | 20% Cement/ S % Clay [10% Cement/ 10 % Lime
ANALYTICAL 2964013 | 2964-017 | 2964-014 | 2964-018 | 2964-015 | 2964-019 | 2964-016 | 2964-020
PARAMETER Reagent | IronFiling | Reagent ! TronFiling | Reagent | IronFiling | Reagent | Iron Filing
L SPLP VOLATILES
Acctone 490J 6807J 820J 5907 810J 744J 700J <500
Benzene 91J 85J 160J 8J 1507 103J 120J 417
Bromobenzene <500 <500 <500 <500 <500 <500 <500 <500
Bromochloromethane <500 <500 <500 <500 <500 <500 <500 <500
Bromodichloromethane <500 <500 <500 <500 <500 <500 <500 <500
Bromoform <500 <500 <500 <500 <500 <500 < 500 <500
Bromomethane < 1,000 < 1,000 < 1,000 < 1,000 <1,000 <1,000 |- <1,000 < 1,000
2-butanone 280J 250J "490J 310J 3807 3197 340J 2607
n-Butylbenzene <500 <500 <500 <500 <500 <500 <500 <500
s-Butylbenzene <500 <500 <500 <500 <500 <500 <500 <500
t-Butlybenzene <500 <500 <500 <500 <500 <500 <500 <500
Carbon disulfide <500 <500 <500 <500 <500 <500 <500 <500
Carbon tetrachloride <500 <500 <500 <500 <500 <500 <500 <500
Chlorobenzene 950 890 1,100 960 1,100 937 1,100 910
Chorodibromomethane <500 <500 <500 <500 <500 <500 <500 <500
Chlorocthane < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000
2-Chloroethyl vinyl ether < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000
Chloroform 220J 2007J 440) 190J 390J 2203 2207 4]
Chloromethane <1,000 <1,000 < 1,000 < 1,000 <1,000 <1,000 <1,000 < 1,000
2-Chlorotoluene <500 <500 <500 <500 <500 <500 <500 <500
4-Chlorotoluene <500 <500 <500 <500 <500 <500 <500 <500
1,2-Dibromo-3-Chloropropanc <500 <500 <500 <500 <500 <500 <500 < 500
1,2-Dibromocthanc <500 <500 <500 <500 <500 <500 <500 <500
Dibromomethane <500 <500 <500 <500 <500 <500 <500 <500
1,2-Dichlorobenzence 4507 430 4107 3807 390J 3567 510 530J
1,3-Dichlorobenzene <500 <500 <500 <500 <500 <500 <500 <500
1,4-Dichlorobenzene <500 <500 <500 <500 <500 <500 <500 <500
Dichlorodifluoromethane <1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000
1,1-Dichlorocthane 757 831J 240J 77J 2407 118J 150J <500
1,2-Dichlorocthane 220J 190J 4207 210J 400J 2657 220 723
1,1-Dichlorocthene <500 <500 <500 <500 <500 <500 <500 <500
cis-1,2-Dichlorocthene 323 397 927 417 100J 56.1J £1J <500
trans-1,2-Dichlorocthene <500 <500 <500 <500 <500 <500 <500 <500
1,2-Dichloropropane 67J §7J 87J 547 13 50.2J s8J 26J
1,3-Dichloropropane <500 <500 <500 <500 <500 <500 <500 <500
Page 1 of 2
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 17

Phase II: Intermediate Tests - Zero Valent Iron Amendment
Summary of SPLP Volatile Organic Analyses - EPA Methods 1312/8260B

(21 Day Cure)
RESULTS (ug/L)
10% Cement 20% Cement /3 % Clay | 20% Cement/ 5 % Clay [10% Cement/ 10 % Lime
ANALYTICAL 2964013 | 2964-017 | 2964014 | 2964-018 | 2964015 | 2964-019 | 2964016 | 2964-020
PARAMETER Reagent | IronFiling | Reagent | IronFiling | Reagent | IronFiling | Reagent | Iron Filing

L SPLP VOLATILES
2,2-Dichloropropane <500 <500 <500 <500 <500 <500 <500 < 500
cis-1,3-Dichloropropene <500 <500 <500 <500 <500 <500 <500 <500
trans-1,3-Dichloropropene <500 <500 <500 <500 <500 <500 <500 <500
1,1-Dichloropropenc <500 <500 <500 <500 <500 <500 <500 <500

" Ethylbenzene 2,300 2,100 2,400 2,200 2,300 2,260 2,500 2,100
2-Hexanone < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 <1,000 < 1,000 < 1,000
Hexachlorobutadicne <500 <500 <500 <500 <500 <500 - <500 < 500
Isopropyl benzene 38J 323 373 a1J 33 34.6J 38J 383
p-isopropyltoluene <500 <500 <500 <500 <500 <500 <500 <500
4-Methyl-2-pentanone (MIBK) 1,700 1,500 2,600 1,800 2300 1,610 1,700 1,100
Methylene chloride <500 <500 61J <500 <500 <500 <500 <500
Naphthalene 1407 110J 91J 80J 773 71.4J 110J 140J
n-Propyl benzene 84J nJ 81J 64J 69J 73.1J 80J 81J
Styrene <500 <500 <500 <500 <500 <500 <500 <500
1,1,1,2-Tetrachioroethane <500 <500 <500 <500 <500 <500 <500 <500
1,1,2,2-Tetrachlorocthane <500 <500 <500 <500 <500 <500 <500 < 500
Tetrachlorocthene 9,600 8,700 11,000 8,900 9,200 9,270 9,900 7,800
Toluene 19,000 17,000 31,000 18,000 27,000 18,600 29,000 14,000
1,2,3-Trichlorobenzene <500 <500 <500 <500 <500 <500 <500 <500
1,2,4-Trichlorobenzene <500 <500 <500 <500 <500 <500 <500 <500
1,1,1-Trichlorocthane 2,100 1,900 4,000 2,000 3,800 2,440 3,100 800
1,1,2-Trichlorocthane <500 <500 <500 <500 <500 <500 <500 <500
Trichlorocthene 19,000 17,000 35,000 18,000 32,000 23,900 30,000 11,000
Trichlorofluoromethane < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000
1,2,3-Trichloropropane <500 <500 <500 <500 <500 <500 <500 <500
1,2,4-Trimethylbenzene 4507 4307 430J 380J 3907 400J 440J 450J
1,3,5-Trimethylbenzene 130J 120J 1207 110J 110J 1223 120 130J
Vinyl Acetate < 1,000 <1,000 < 1,000 < 1,000 <1,000 <1,000 < 1,000 < 1,000
Vinyl Chloride <1,000 < 1,000 < 1,000 < 1,000 < 1,000 < 1,000 <1,000 < 1,000
o-xylene 2,900 2,700 2,900 2,700 2,800 2,720 3,000 2,700
m-Xylene 8,400 7,900 8,800 8,000 8300 8,190 9,000 7,900
p-Xylene <500 <500 <500 <500 <500 <500 <500 <500

DL Detection Limit
]  Estimated Value
- Non Detectable concentrations
2964 122
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TABLE 18
Phase I1I: Intermediate Tests - Zero Valent Iron Addition .
Summary of Total PCB and Chloride Analyses - EPA Methods 8082/325.2

(21 Day Cure)
RESULTS (ug/kg) 1) v
10% Cement 20% Cement /3 % Clay | 20% Cement/ S % Clay [10% Cement/ 10 % Lime

ANALYTICAL 2964-013 | 2964-017 | 2964-014 | 2964-018 | 2964-015 | 2964-019 | 2964-016 | 2964-020

PARAMETER Reagent Iron Filing | Reagent | IronFiling | Reagent | Iron Filing | Reagent | Iron Filing
I. TOTAL PCBs
Aroclor-1016 < 43,000 <41,000 < 43,000 < 42,000 < 45,000 < 42,000 <46,000 <43,000
Aroclor-1221 <43,000 | <41,000 | <43,000 | <42,000 | <45000 | <42,000 | <46,000 | <43,000
Aroclor-1232 <43,000 | <41,000 | <43,000 | <42,000 | <45000 | <42,000 | <46,000 | < 43,000
Aroclor-1242 440,000 350,000 560,000 450,000 430,000 460,000 520,000 540,000
Aroclor-1248 <43,000 | <41,000 | <43,000 | <42,000 | <45000 | <42,000 | <46,000 | <43,000
Aroclor-1254 <43,000 | <41,000 | <43,000 | <42,000 | <45000 | <42,000 | <46,000 | <43,000
Aroclor-1260 <43,000 | <41,000 | <43,000 | <42,000 | <45000 | <42,000 | <46,000 | <43,000
II. ADDITIONAL PARAMETERS
Chloride (mg/kg) 5,400 3,400 4,700 3,900 7,100 4,700 7,100 7,000

DL

Detection Limit
Non Detectable Concentrations
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 19
Phase III: Intermediate Tests - Zero Valent Iron Amendment
Summary of SPLP PCB Analyses - EPA Methods1312/8082

(21 Day Cure)
RESULTS (ug/L) ) .
10% Cement 20% Cement /3 % Clay | 20% Cement /5 % Clay {10% Cement / 10 % Lime

ANALYTICAL 2964-013 | 2964-017 | 2964-014 | 2964-018 | 2964-015 | 2964-019 | 2964-016 | 2964-020

PARAMETER Reagent | Iron Filing | Reagent | IronFiling | Reagent | Iron Filing | Reagent | Iron Filing
I. SPLP PCBs
Aroclor-1016 <0.50 <0.50 <0.50 <0.50 <0.50 . <0.50 <0.50 <0.50
Aroclor-1221 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Aroclor-1232 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Aroclor-1242 15 2.2 19 0.97 4.9 2.4 2.7 2.1
Aroclor-1248 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Aroclor-1254° <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Aroclor-1260 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

DL

Detection Limit

Non Detectable Concentrations
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.

216 PATERSON PLANK ROAD SITE

TABLE 20

Phase III: Intermediate Tests - Zero Valent Iron Amendment

Summary of Unconfined Compressive Strength Testing - ASTM D 2166

(21 Day Cure)

UNCONFINED COMPRESSIVE STRENGTH TESTING (UCS) )
KIBER ‘ REAGENT | WATER Moisture Bulk Dry
SAMPLE |MATERIAL REAGENT ADDITION | ADDITION Content Density Density UcCs
No. TYPE TYPE (%) @) IVON) ) (1bs/R7) (tbs/ft?) (Ibs/in?)
REAGEANT ADDITION ONLY )
2964-013 Parent A Type I Portland Cement 10 8 28 101 79 27
2964014 Parent B Type [ Portland Cement / Organophillic Clay 20/3 16 28 99 78 32
2964-015 Parent C Type I Portland Cement / Organophillic Clay 20/5 25 48 95 64 23
2964-016 Parent D Type I Portland Cement / Hydrated Lime 10/10 20 42 96 98 39
IRON FILING ADDITION g
2964-017 | ParentA Type I Portland Cement 10 8 29 104 81 38
2964-018 Parent B Type 1 Portland Cement / Organophullic Clay 20/3 16 25 105 84 49
2964-019 Parent C Type I Portland Cement / Organophillic Clay 20/5 25 29 104 80 38
2964-020 Parent D Type 1 Portland Cement / Hydrated Lime 10/10 20 35 98 73 38

(1) Reagents were blended dry, slurried with water and added to the untreated material and blended. Note that these mixtures were blended in & similar
manner to those that received iron addition and were allowed to set for 3 days. After three days the treatment reagents were added.
@) Iron was added to the untreated aliquot and blended until homogenous. The material was allowed to sit for a period of 3 days at which time treatment

reagents were blended dry, sturried with water and added to the untreated material and blended.

(3) For a mixture with 10% reagent addition and 10% water addition, 20 grams of reagent will be slurried with
20 grams of water and added to 200 grams of untreated material.
) Unconfined compressive strength testing was performed after 21 days of curing.
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 21

Phase IV: Verification Testing
Summary of Total Volatile Organic Analyses - EPA Method 82608

(Parent Material)
RESULTS (ugkg)
A B
ANALYTICAL Mixtures 021 & 023 Mixtures 022 & 024
PARAMETER Cone. DL Conc. DL

I TOTAL VOLATILES

Acetone 140,000 J 1,500,000 - 16,000,000
Benzene 27,0007 77,000 - 810,000
Bromobenzene - 77,000 - 810,000
Bromochloromethane - 77,000 - 810,000
Bromodichloromethane - 77,000 - 810,000
Bromoform - 77,000 - 810,000
Bromomethane - 150,000 - 1,600,000
2-butanone 130,000 J 1,500,000 - 16,000,000
n-Butylbenzene 32,0007 77,000 - 810,000
s-Butylbenzene 7,300 77,000 - 810,000
t-Butlybenzene - 77,000 - 810,000
Carbon disulfide - 77,000 - 810,000
Carbon tetrachloride - 77,000 - 810,000
Chlorobenzene 170,000 77,000 280,000 J 810,000
Chorodibromomethane - 77,000 - 810,000
Chloroethane - 150,000 - 1,600,000
2-Chloroethyl vinyl ether - 150,000 - 1,600,000
Chloroform 69,0007 77,000 120,000 ) 810,000
Chloromethane - 150,000 - 1,600,000
2-Chlorotoluene - 77,000 - 810,000
4-Chlorotoluene - 77,000 - 810,000
1,2-Dibromo-3-Chloropropane - 77,000 - 810,000
1,2-Dibromoethane - 77,000 - 810,000
Dibromomethane - 77,000 - 810,000
1,2-Dichlorobenzene 190,000 77,000 340,000 810,000
1,3-Dichlorobenzene - 77,000 - 810,000
1,4-Dichlorobenzene - 77,000 - 810,000
Dichlorodifluoromethane - 150,000 - 1,600,000
1,1-Dichloroethane 67,0007 77,000 110,0007] 810,000
1,2-Dichloroethane 69,0007 77,000 130,000 810,000
1,1-Dichloroethene - 77,000 - 810,000
cis-1,2-Dichlorocthene 21,0007 77,000 - 810,000
trans-1,2-Dichloroethene - 77,000 - 810,000
1,2-Dichloropropane - 77,000 - 810,000
1,3-Dichloropropane - 77,000 - 810,000

Page 1 of 2
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 21
Phase IV: Verification Testing

Summary of Total Volatile Organic Analyses - EPA Method 8260B

(Parent Material)
RESULTS (ug/kg)
A B
ANALYTICAL Mixtures 021 & 023 Mixtures 022 & 024
PARAMETER Conc. DL Conc. DL
1. TOTAL VOLATILES
2,2-Dichloropropane - 77,000- - 810,000
cis-1,3-Dichloropropene - 77,000 - 810,000
trans-1,3-Dichloropropene - 77,000 - 810,000
1,1-Dichloropropene - 77,000 - 810,000
Ethylbenzene 630,000 717,000 980,000 810,000
2-Hexanone - 150,000 - 1,600,000
Hexachlorobutadiene - 77,000 - 810,000
Isopropyl benzene 25,0007 77,000 - 810,000
p-isopropyltoluene 8,600 77,000 - 810,000
4-Methyl-2-pentanone (MIBK) 210,000 150,000 - 1,600,000
Methylene chloride 100,000 77,000 160,000 J 810,000
Naphthalene 61,000] 150,000 - 1,600,000
n-Propyl benzene 67,0007 77,000 94,0007 810,000
Styrene - 77,000 - 810,000
1,1,1,2-Tetrachloroethane - 77,000 - 810,000
1,1,2,2-Tetrachloroethane - 77,000 - 810,000
Tetrachloroethene 5,200,000 77,000 6,300,000 810,000
Toluene 5,200,000 77,000 6,800,000 810,000
1,2,3-Trichlorobenzene - 77,000 - 810,000
1,2,4-Trichlorobenzene - 77,000 - 810,000
1,1,1-Trichloroethane 830,000 77,000 1,400,000 810,000
1,1,2-Trichloroethane - 77,000 - 810,000
Trichloroethene 6,900,000 77,000 9,100,000 810,000
Trichlorofluoromethane - 150,000 - 1,600,000
1,2,3-Trichloropropane - 77,000 - 810,000
1,2,4-Trimethylbenzene 270,000 77,000 390,000 J 810,000
1,3,5-Trimethylbenzene 94,000 77,000 130,000 J 810,000
Vinyl Acetate - 150,000 - 1,600,000
Vinyl Chloride - 150,000 - 1,600,000
o-xylene 660,000 77,000 1,000,000 810,000
m-Xylene 2,400,000 77,000 4,000,000 810,000
p-xylene - 77,000 - 810,000
DL Detection Limit
J  Estimated Value
- Non Detectable concentrations
2964_225
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 22
Phase IV: Verification Testing

Summary of SPLP Volatile Organic Analyses - EPA Methods 1312/8260B

(Parent Material)
RESULTS (ug/L)
A B

ANALYTICAL Mixtures 021 & 023 Mixtures 022 & 024

PARAMETER Conc. DL Conc. DL
I. SPLP VOLATILES
Acetone 9,200 100,000 9,600 100,000
Benzene 7407 5,000 860 J 5,000
Bromobenzene - 5,000 - 5,000
Bromochloromethane - 5,000 - 5,000
Bromodichloromethane - 5,000 - 5,000
Bromoform - 5,000 - 5,000
Bromomethane 5207 10,000 - 10,000
2-butanone 8,600 J 100,000 8,900 100,000
n-Butylbenzene - 5,000 - 5,000
s-Butylbenzene - 5,000 - 5,000
t-Butlybenzene - 5,000 - 5,000
Carbon disulfide - 5,000 - 5,000
Carbon tetrachloride - 5,000 - 5,000
Chlorobenzene 1,600 5,000 29007 5,000
Chorodibromomethane - 5,000 - 5,000
Chloroethane - 10,000 - 10,000
2-Chloroethyl vinyl ether - 10,000 - 10,000
Chloroform 2,5007 5,000 3,2007 5,000
Chloromethane - 10,000 - 10,000
2-Chlorotoluene - 5,000 - 5,000
4-Chlorotoluene - 5,000 - 5,000
1,2-Dibromo-3-Chloropropane - 5,000 - 5,000
1,2-Dibromoethane - 5,000 - 5,000
Dibromomethane - 5,000 - 5,000
1,2-Dichlorobenzene 5307 5,000 240017 5,000
1,3-Dichlorobenzene: - 5,000 - 5,000
1,4-Dichlorobenzene - 5,000 - 5,000
Dichlorodifluoromethane - 10,000 - 10,000
1,1-Dichloroethane 2,400 ) 5,000 2,500 ) 5,000
1,2-Dichloroethane 34007 5,000 4,000 5,000
1,1-Dichloroethene - 5,000 - 5,000
cis-1,2-Dichloroethene 78017 5,000 960 J 5,000
trans-1,2-Dichloroethene - 5,000 - 5,000
1,2-Dichloropropane 2407 5,000 3507 5,000
1,3-Dichloropropane - 5,000 - 5,000
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 22

Phase IV: Verification Testing
Summary of SPLP Volatile Organic Analyses - EPA Methods 1312/8260B

(Parent Material)
RESULTS (ug/L)
A B

ANALYTICAL Mixtures 021 & 023 Mixtures 022 & 024

PARAMETER Conc. DL Conc. DL
1. SPLP VOLATILES
2,2-Dichloropropane - 5,000 - 5,000
cis-1,3-Dichloropropene - 5,000 - 5,000
trans-1,3-Dichloropropene - 5,000 - 5,000
1,1-Dichloropropene - 5,000 - 5,000
Ethylbenzene 2,800 5,000 8,700 5,000
2-Hexanone - 10,000 - 10,000
Hexachlorobutadiene - 5,000 - 5,000
Isopropyl benzene - 5,000 2607 5,000
p-isopropyltoluene - 5,000 - 5,000
4-Methyl-2-pentanone (MIBK) 15,000 10,000 14,000 10,000
Methylene chloride 5,400 5,000 6,000 5,000
Naphthalene 8207] 10,000 7207] 10,000
n-Propyl benzene - 5,000 6907J 5,000
Styrene - 5,000 - 5,000
1,1,1,2-Tetrachloroethane - 5,000 - 5,000
1,1,2,2-Tetrachloroethane - 5,000 - 5,000
Tetrachloroethene 15,000 5,000 55,000 5,000
Toluene 49,000 5,000 79,000 5,000
1,2,3-Trichlorobenzene 340J 5,000 - 5,000
1,2,4-Trichlorobenzene - 5,000 - 5,000
1,1,1-Trichloroethane 12,000 5,000 21,000 5,000
1,1,2-Trichloroethane - 5,000 - 5,000
Trichloroethene 87,000 5,000 130,000 5,000
Trchlorofluoromethane - 10,000 - 10,000
1,2,3-Trichloropropane - 5,000 - 5,000
1,2,4-Trimethylbenzene 560 5,000 3,0007J 5,000
1,3,5-Trimethylbenzene - 5,000 1,000 5,000
Vinyl Acetate - 10,000 - 10,000
Vinyl Chloride - 10,000 - 10,000
o-xylene 3,300 5,000 9,800 5,000
m-xylene 11,000 5,000 35,000 5,000
p-xylene - 5,000 - 5,000

DL Detection Limit
J  Estimated Value
- Non Detectable concentrations
2964_232
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 23
Phase IV: Verification Testing
Summary of Total Pesticide / PCB Analyses - EPA Method 8081/8082

(Parent Material)
RESULTS (ug/kg)
A B

ANALYTICAL _ Mixtures 021 & 023 | Mixtures 022 & 024

PARAMETER Conc. | DL Conc. | DL
I. TOTAL PESTICIDES
alpha-BHC - 13 - 13
beta-BHC , - 13 - - 13
delta-BHC - 13 - 13
Heptachlor - 13 - 13
Aldrin - 13 - 13
Heptachlor epoxide - 13 - 13
Endosulfan I - 13 - 13
Dieldrin - 27 - 26
4,4'-DDE - 27 - 26
Endrin - 27 - 26
Endosulfan I - 27 - 26
4,4'-DDD - 27 - 26
Endosulfan Sulfate - 27 - 26
4,4-DDT - 27 - 26
Methoxychlor - 130 - 130
Endrin Ketone T 27 - 26
Endrin aldehyde - 27 - 26
alpha-Chlordane - 13 - 13
gamma-Chlordane - 13 - 13
Toxaphene . - 270 - 260
gamma-BHC (Lindane) - 13 - 13
II. TOTAL PCBs
Aroclor-1016 - 25,000 - 27,000
Aroclor-1221 - 25,000 - 27,000
Aroclor-1232 - 25,000 - 27,000
Aroclor-1242 _ 580,000 | 25,000 | 600,000 | 27,000
Aroclor-1248 - 25,000 - 27,000
Aroclor-1254 - 25,000 - 27,000
Aroclor-1260 - 25,000 - 27,000

DL Detection Limit
- Non Detectable Concentrations

2964_226
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GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 24

Phase IV: Verification Testing
Summary of SPLP Pesticide / PCB Analyses - EPA Methods 1312/8081/8082

(Parent Material)
RESULTS (ug/L)
A B

ANALYTICAL Mixtures 021 & 023 | Mixtures 022 & 024

PARAMETER Conc. | DL Conc. | DL
1. SPLP PESTICIDES ‘
alpha-BHC - 0.055 - 0.055
beta-BHC - 0.055 - 0.055
delta-BHC - 0.055 - 0.055
Heptachlor - 0.055 - 0.055
Aldrin - 0.055 - 0.055
Heptachlor epoxide - 0.055 - 0.055
Endosulfan I - 0.055 - 0.055
Dieldrin - 0.11 - 0.11
4 4'-DDE - 0.11 - 0.11
Endrin - 0.11 - 0.11
Endosulfan I - 0.11 - 0.11
4,4'-DDD - 0.11 - 0.11
Endosulfan Sulfate - 0.11 - 0.11
4.4'-DDT - 0.11 - 0.11
Methoxychlor - 0.55 - 0.55
Endrin Ketone - 0.11 - 0.11
Endrin aldehyde - 0.11 - 0.11
alpha-Chlordane - 0.055 - 0.055
gamma-Chlordane - 0.055 - 0.055
Toxaphene - 1.1 - 1.1
gamma-BHC (Lindane) - 0.055 - 0.055
II. SPLP PCBs
Aroclor-1016 - 10 - 10
Aroclor-1221 - 10 - 10
Aroclor-1232 - 10 - 10
Aroclor-1242 58 10 51 10
Aroclor-1248 - 10 - 10
‘Aroclor-1254 - 10 - 10
Aroclor-1260 - 10 - 10

DL Detection Limit
- Non Detectable Concentrations
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 25

Phase IV: Verification Testing
Summary of TAL Metals Analyses - EPA Methods 6010B / 7471 / 325.2

(Parent Material)
RESULTS (mg/kg)
ANALYTICAL A B
PARAMETER Mixtures 021 & 023 | Mixtures 022 & 024
I TOTAL TAL METALS
Aluminum 12,000 10,000
Antimony 5.6 4.1
Arsenic 12 11
Barium 630 580
Beryllium <0.81 <0.78
Cadmium 30 29
Calcium 28,000 46,000
Chromium 210 230
Cobalt <16 1.8
Copper 4,800 5,300
Iron 21,000 19,000
Lead 810 750
Magnesium 3,900 4,600
Manganese 270 390
Mercury 20 88J
Nickel 20 39
Potassium 1,100 1,100
Selenium 60 52
Silver 4.3 4.1
Sodium 17,000 15,000
Thallium <32 <3.1
Vanadium 34 29
Zinc 2,600 2,000
. ADDITIONAL ANALYSES
Total Chloride 9,400 10,000

Non Detectable Concentrations

Estimated Value

2964_227
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 26
: Phase IV: Verification Testing
Summary of SPLP TAL Metals Analyses - EPA Methods 1312/6010B/7470/325.2

(Parent Material)
RESULTS (mg/L)
ANALYTICAL A B
PARAMETER Mixtures 021 & 023 | Mixtures 022 & 024
I SPLP TAL METALS

Aluminum 84 =27
Antimony 0,022 0.03
Arsenic 0.027 0.055
Barium 0.25 0.38
Beryllium <0.01 <0.01
Cadmium : 0.021 0.044
Calcium 31 50
Chromium 0.28 0.49
Cobalt <0.02 <0.02
Copper 4.4 10
Iron 13 26
Lead 0.94 1.6
Magnesium : 34 7.2
Manganese 0.16 0.33
Mercury 0.016 0.022
Nickel 0.04 0.057
Potassium : 3.2 6.7
Selenium <0.01 <0.01
Silver <0.01 <0.01
Sodium 480 480
Thallium 0.011 <0.01
Vanadium 0.061 0.099
Zinc 2.9 4.7

2964_234
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.

216 PATERSON PLANK ROAD SITE

TABLE 27
Phase IV: Verification Testing
Summary of Mixture Development

KIBER

REAGENT WATER
SAMPLE MATERIAL REAGENT ADDITION ADDITION
No. TYPE TYPE ) (%) (3 (%)

I

AIR STRIPPING (2
12964-021 Parent A Type I Portland Cement 10 5
2964-022 Parent B Type I Portland Cement / Hydrated Lime 10/10 17

AIR STRIPPING AND IRON ADDITION ¢3)
2964-023 Parent A Type I Portland Cement 20/5 4.5
2964-024 Parent B Type I Portland Cement / Hydrated Lime 10/10 15

(1) Reagents were blended dry, slurried with water and added to the specified material and blended.
(2) These mixtures were developed with material that was air stripped for 120 minutes. After air stripping and iron addition for mixtures 022 and 024,
the mixtures were allowed to set for 3 days at which time the stabilization reagents were added. After addition of the stabilization reagents, the materials
were allowed to cure for a period of 28 days.

(3) For a mixture with 10% reagent addition and 10% water addition, 20 grams of reagent will be slurried with 20 grams of water and added to 200 grams of untreated m
4) Unconfined compressive strength and volumetric expansion testing were performed after 28 days of curing,

2964_244




KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 28
Phase IV: Verification Testing
Summary of Total Volatile Organic Analyses - EPA Method 8260B
(After Air Stripping / Iron Addition and 3 Days of Curing)

RESULTS (ug/kg)
10% Cement Addition 10% Cement/ 10% Hydrated Lime
2964-021 2964-023 2964022 2964-024
ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition Iron Addition
PARAMETER Conc. DL Conc. DL, Conc. DL - Conc. DL
L TOTAL VOLATILES
Acctone - 150,000 - 1,400,000 - 1,500,000 - 1,400,000
Benzene - 7,500 - 71,000 - 75,000 - 71,000
Bromobenzene - 7,500 - 71,000 - 75,000 - 71,000
Bromochloromethane - - 7,500 - 71,000 - 75,000 - 71,000
Bromodichloromethane - 7,500 - 71,000 - 75,000 - 71,000
Bromoform - 7,500 - 71,000 - 75000 | - 71,000
Bromomethane - 15,000 - 140,000 - 150,000 - 140,000
2-butanone 5,6007 150,000 13,0007 { 1,400,000 17,0007 { 1,500,000 12,0007 | 1,400,000
n-Butylbenzene 17,000 7,500 - 71,000 - 75,000 - 71,000
s-Butylbenzene 320075 7,500 - 71,000 - 75,000 - 71,000
t-Butlybenzene - 7,500 - 71,000 - 75,000 - 71,000
Carbon disulfide - 7,500 - 71,000 - 75,000 - 71,000
Carbon tetrachloride - 7,500 - 71,000 - 75,000 - 71,000
Chlorobenzene 24,000 7,500 22,0005 71,000 44.000] 75,000 23,0007) 71,000
Chorodibromomethane - 7,500 - 71,000 - 75,000 - 71,000
Chlorocthane - 15,000 - 140,000 - 150,000 - 140,000
2-Chloroethyl vinyl ether - 15,000 - 140,000 - 150,000 - 140,000
Chloroform 8907 7,500 - 71,000 - 75,000 - 71,000
Chloromethane - 15,000 - 140,000 - 150,000 - 140,000
2-Chlorotoluenc - 7,500 - 71,000 - 75,000 - 71,000
4-Chlorotoluene 3907 7,500 - 71,000 - 75,000 - 71,000
1,2-Dibromo-3-Chloropropanc - 7,500 - 71,000 - 75,000 - 71,000
1,2-Dibromoethane - 7,500 - 71,000 - 75,000 - 71,000
Dibromomethane - 7,500 - 71,000 - 75,000 - 71,000
1,2-Dichlorobenzene 120,000 7,500 74,000 71,000 120,000 75,000 89,000 71,000
1,3-Dichlorobenzene - 7,500 - 71,000 - 75,000 - 71,000
1,4-Dichlorobenzene 23007 7,500 - 71,000 - 75,000 - 71,000
Dichlorodiflucromethane - 15,000 - 140,000 - 150,000 - 140,000
1,1-Dichloroethane - 7,500 - 71,000 - 75,000 - 71,000
1,2-Dichloroethane - 7,500 - 71,000 - 75,000 - 71,000
1,1-Dichloroethene - 7,500 - 71,000 - 75,000 - 71,000
cis-1,2-Dichlorocthene - 7,500 - 71,000 - 75,000 - 71,000
trans-1,2-Dichlorocthene - 7,500 - 71,000 - 75,000 - 71,000
1,2-Dichloropropanc - 7,500 - 71,000 - 75,000 - 71,000
1,3-Dichloropropane - 7,500 - 71,000 - 75,000 - 71,000
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.

TABLE 28

216 PATERSON PLANK ROAD SITE

Phase IV: Verification Testing

Summary of Total Volatile Organic Analyses - EPA Method 8260B

(After Air Stripping / Iron Addition and 3 Days of Curing)

RESULTS (ug/kg)
10% Cement Addition 10% Cement / 10% Hydrated Lime
2964-021 2964-023 2964-022 2964-024
ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition Iron Addition
PARAMETER Conc. DL Conc. DL Conc. DL Conc. DL
1 TOTAL VOLATILES
2,2-Dichloropropane - 7,500 - 71,000 - 75,000 - 71,000
cis-1,3-Dichloropropene - 7,500 - 71,000 - 75,000 - 71,000
trans-1,3-Dichloropropene - 7,500 - 71,000 - 75,000 - 71,000
1,1-Dichloropropenc - 7,500 - 71,000 - 75,000 - 71,000
Ethylbenzene 110,000 7,500 100,000 71,000 190,000 75,000 100,000 71,000
2-Hexanone - 15,000 - 140,000 - 150,000 - 140,000
Hexachlorobutadiene - 7,500 - 71,000 - 75,000 - 71,000
Isopropyl benzene 7,4007 7,500 6,0007J 71,000 10,0007 75,000 5,7007 71,000
p-isopropyltolucne 4,600 7,500 3,5007 71,000 4,600 J 75,000 - 71,000
4-Methyl-2-pentanone (MIBK) 9,500 15,000 - 140,000 - 150,000 - 140,000
Methylene chioride 12007 7,500 - 71,000 - 75,000 - 71,000
Naphthalene 46,000 7,500 39,0007 71,000 51,0007 75,000 34,0007 71,000
n-Propyl benzene 25,000 7,500 19,000 71,000 31,0007 75,000 19,000 J 71,000
Styrene Co- 7,500 - 71,000 - 75,000 - 71,000
1,1,1,2-Tetrachloroethane - 7,500 - 71,000 - 75,000 - 71,000
1,1,2,2-Tetrachloroethanc - 7,500 . 71,000 - 75,000 . 71,000
Tetrachloroethene 430,000 7,500 520,000 71,000 980,000 75,000 480,000 71,000
Toluene 220,000 7,500 310,000 71,000 620,000 75,000 320,000 71,000
1,2,3-Trichlorobenzene - 7,500 - 71,000 - 75,000 - 71,000
1,2,4-Trichlorobenzene 3,700J 7,500 - 71,000 - 75,000 - 71,000
1,1,1-Trichlorocthane 14,000 7,500 27,0007 71,000 49,000 75,000 30,0007 71,000
1,1,2-Trichlorocthane - 7,500 - 71,000 - 75,000 - 71,000
Trichloroethene 150,000 7,500 270,000 71,000 510,000 75,000 290,000 71,000
Trichlorofluoromethane - 15,000 - 140,000 - 150,000 - 140,000
1,2,3-Trichloropropane - 7,500 - 71,000 - 75,000 - 71,000
1,2,4-Trimethylbenzenc 130,000 7,500 100,000 71,000 160,000 75,000 100,000 71,000
1,3,5-Trimethylbenzene 42,000 1,500 33,0007 71,000 48,0007 75,000 33,0007 71,000
Vinyl Acetate - 15,000 - 140,000 - 150,000 - 140,000
Vinyl Chloride - 15,000 - 140,000 - 150,000 - 140,000
o-xylenc 160,000 7,500 140,000 71,000 270,000 75,000 150,000 71,000
m-Xylene 430,000 7,500 470,000 71,000 850,000 75,000 470,000 71,000
p-xylene - 1,500 - 71,000 - 75,000 - 71,000
DL Detection Limit
J  Estimated Value
- Non Detectable concentrations
2064_230
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GOLDER ASSOCIATES, INC.

216 PATERSON PLANK ROAD SITE

TABLE 29
Phase IV: Verification Testing
Summary of Total PCB Analyses - EPA Method 8082/325.2
(After Air Stripping / Iron Addition and 3 Days of Curing)

RESULTS (ug/kg)
10% Cement Addition 10% Cement / 10% Hydrated Lime
2964-021 2964-023 2964-022 2964-024
ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition Iron Addition
PARAMETER Conc, DL Conc. | DL Conc. DL Conc. | DL
I. TOTAL PCBs _
Aroclor-1016 - 250,000 - 240,000 - 250,000 - 240,000
Aroclor-1221 - 250,000 - 240,000 - 250,000 - 240,000
Aroclor-1232 - 250,000 - 240,000 - 250,000 - 240,000
Aroclor-1242 690,000 250,000 (1,700,000 | 240,000 | 1,200,000 250,000 1,200,000 240,000
Aroclor-1248 - 250,000 - 240,000 - 250,000 - 240,000
Aroclor-1254 - 250,000 - 240,000 - 250,000 - 240,000
Aroclor-1260 - 250,000 - 240,000 - 250,000 - 240,000
. ADDITIONAL ANALYSES
Total Chloride (mg/kg) 7,400 1,200 5,800 1,100 7,700 1,200 6,100 1,100
DL Detection Limit

Non Detectable Concentrations
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 30

Phase IV: Verification Testing

Summary of Total Volatile Organic Analyses - EPA Method 8260B

(28 Day Cure)
RESULTS (ug/kg)
10% Cement Addition 10% Cement / 10% Hydrated Lime
2964-021 2964-023 2964-022 2964-024
ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition Iron Addition
PARAMETER Conc. DL Conc. DL Cone. DL Conc. DL
I. TOTAL VOLATILES
Acetone - 170,000 12,0007 160,000 11,0007 170,000 92007 160,000
Benzene - 8,300 - 7,900 - 8,600 - 8,000
Bromobenzene - 8,300 - 7,900 - 8,600 - 8,000
Bromochloromethane - 8,300 - 7,900 - 8,600 - 8,000
Bromodichloromethane - 8,300 - 7,900 - 8,600 - 8,000
Bromoform - 8,300 - 7,900 - 8,600 - 8,000
Bromomethane - 17,000 - 16,000 - 17,000 - 16,000
2-butanone - 170,000 83007 160,000 7,1007 170,000 6,5007 160,000
n-Butylbenzene 10,000 8,300 12,000 7,900 10,000 8,600 79007 8,000
s-Butylbenzene 1,700 J 8,300 22007 7,900 1,9007 8,600 1,4007 8,000
t-Butlybenzene - 8,300 - 7,900 - 8,600 - 8,000
Carbon disulfide - 8300 - 7.900 - 8,600 - 8,000
Carbon tetrachlonide - 8,300 - 7,900 - 8,600 - 8,000
Chlorobenzene 7,6007 8,300 16,000 7,900 13,000 8,600 8,100 8,000
Chorodibromomethane - 8,300 - 7,900 - 8,600 - 8,000
Chloroethane - 17,000 16,000 - 17,000 - 16,000
2-Chloroethyl vinyl ether - 17,000 - 16,000 - 17,000 - 16,000
Chloroform - 8,300 - 7,900 - 8,600 - 8,000
Chloromethane - 17,000 - 16,000 - 17,000 - 16,000
2-Chlorotoluene - 8,300 - 7,900 - 8,600 - 8,000
4-Chlorotoluenc - 8,300 - 7,900 - 8,600 . 8,000
1,2-Dibromo-3-Chloropropane - 8,300 - 7,900 - 8,600 - 8,000
1,2-Dibromocthane - 8300 - 7,900 - 8,600 - 8,000
Dibromomethane - 8,300 - 7.900 - 8,600 - 8,000
1,2-Dichiorobenzene 64,000 8,300 70,000 7,900 63,000 8,600 52,000 8,000
1,3-Dichlorobenzene - 8,300 - 7,900 - 8,600 - 8,000
1,4-Dichlorobenzene 1,200J 8300 - 1,4007 7,900 1,3007 8,600 1,000 8,000
Dichlorodifluoromethane - 17,000 - 16,000 - 17,000 - 16,000
1,1-Dichlorocthanc - 8,300 - 7,900 - 8,600 - 8,000
1,2-Dichlorocthane - 8,300 - 7,900 - 8,600 - 8,000
- 1,1-Dichlorocthenc - 8,300 - 7.900 - 8,600 - 8,000
cis-1,2-Dichlorocthene - 8,300 - 7,900 - 8,600 - 8,000
trans-1,2-Dichlorocthene - 8,300 - 7,900 - 8,600 - 8,000
1,2-Dichloropropane - 8,300 - 7,900 - 8,600 - 8,000
1,3-Dichloropropane - 8,300 - 7,900 - 8,600 - 8,000
Page 1 of 2
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 30
Phase IV: Verification Testing
Summary of Total Volatile Organic Analyses - EPA Method 8260B

(28 Day Cure) )
RESULTS (ug/kg)
10% Cement Addition 10% Cement / 10% Hydrated Lime
2964-021 2964-023 2964022 2964-024
ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition Iron Addition
PARAMETER Conc. DL Conc. DL Conc. DL Conc. DL
L TOTAL VOLATILES
2,2-Dichloropropane - 8,300 - 7,900 - 8,600 - 8,000
cis-1,3-Dichloropropene - 8,300 - 7,900 - 8,600 - 8,000
trans-1,3-Dichloropropenc - 8,300 - 7,900 - 8,600 - 8,000
1,1-Dichloropropenc - 8,300 - 7,900 - 8,600 - 8,000
Ethylbenzene 38,000 8,300 76,000 7900 - 62,000 8,600 43,000 8,000
2-Hexanone - 17,000 - 16,000 - 17,000 - 16,000
Hexachlorobutadiene 1,000J 8,300 - 7,900 - 8,600 - 8,000
Isopropyl benzene 32007 8,300 5,1007 7,900 44007 8,600 3,000J 8,000
p-isopropyltoluene 2,5007 8,300 3,000 7,900 2,6007J 8,600 2,1007 8,000
4-Methyl-2-pentanone (MIBK) - 17,000 - 16,000 - 17,000 - 16,000
Methylene chloride - 8,300 - 7,900 - 8,600 - 8,000
Naphthalene 43,000 8,300 57,000 16,000 38,000 8,600 32,000 16,000
n-Propyl benzene 11,000 8,300 17,000 7,900 15,000 8,600 10,000 8,000
Styrene - 8,300 - 7,900 - 8,600 - 8,000
1,1,1,2-Tetrachlorocthane - 8,300 - 7,900 - 8,600 - 8,000
1,1,2,2-Tetrachlorocthane - 8,300 - 7,900 - 8,600 - 8,000
Tetrachloroethene 120,000 8,300 300,000 7,900 230,000 8,600 170,000 8,000
Toluene 48,000 8,300 190,000 7,900 100,000 8,600 73,000 8,000
1,2,3-Trichlorobenzene 1,3007 8,300 - 7,900 - 8,600 - 8,000
1,2,4-Trichlorobenzene 32007 8,300 29007 7,900 23007 8,600 22007J 8,000
1,1,1-Trichlorocthane - 8,300 13,000 7,900 1,9007 8,600 2,700 8,000
1,1,2-Trichlorocthane - 8,300 - 7,900 - 8,600 - 8,000
Trichlorocthene 17,000 8,300 140,000 7,900 36,000 8,600 41,000 8,000
Trichlorofluoromethane - 17,000 - 16,000 - 17,000 - 16,000
- 1,2,3-Trichloropropane - 8,300 - 7,900 - 8,600 - 8,000
1,2 4-Trimethylbenzene 68,000 8,300 93,000 7,900 81,000 8,600 57,000 8,000
1,3,5-Trimethylbenzene 20,000 8,300 27,000 7,900 25,000 8,600 17,000 8,000
Vinyl Acetate - 17,000 - 16,000 - 17,000 - 16,000
Vinyl Chloride - 17,000 - 16,000 - 17,000 - 16,000
o-xylene 66,000 8,300 110,000 7,900 97,000 8,600 64,000 8,000
m-Xylene 190,000 8,300 330,000 7,900 290,000 8,600 190,000 8,000
p-Xylene - 8,300 - 7,900 - 8,600 - 8,000
DL Detection Limit
J  Estimated Value
- Non Detectable concentrations
2964_236
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 31
Phase IV: Verification Testing

Summary of SPLP Volatile Organic Analyses - EPA Methods 1312/8260B

(28 Day Cure)
RESULTS (ug/L)
10% Cement Addition 10% Cement / 10% Hydrated Lime
2964-021 2964-023 2964-022 2964-024

ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition Iron Addition

PARAMETER Conc. DL Conc. DL Conc. DL Conc. DL
L SPLP VOLATILES
Acctone 4407 1,000 1707 1,000 2107 1,000 4707 1,000
Benzene 117 S0 - 50 - 50 227 50
Bromobenzene - 50 - 50 - 50 - 50
Bromochloromethane - 50 - 50 - 50 - 50
Bromodichloromethane - 50 - 50 - 50 - 50
Bromoform - 50 - 50 - 50 - 50
Bromomethane - 100 - 100 - 100 - 100
2-butanone 160 J 1,000 377 1,000 437 1,000 1307 1,000
n-Butylbenzene 397 50 9.0J 50 957 50 157 50
s-Butylbenzene 83J 50 - 50 - 50 - 50
t-Butlybenzene - 50 - 50 - 50 - 50
Carbon disulfide 127 50 - 50 - 50 - 50
Carbon tetrachloride - 50 - 50 - 50 - 50
Chlorobenzene 360 50 70 50 170 50 230 50
Chorodibromomethane - 50 - 50 - 50 - 50
Chloroethane - 100 - 100 - 100 - 100
2-Chloroethyl vinyl ether - 100 - 100 - 100 - 100
Chloroform 137 50 - 50 - 50 - 50
Chloromethane - 100 - 100 - 100 - 100
2-Chlorotoluene - 50 . 50 - 50 - 50
4-Chlorotoluene - 50 - 50 - 50 - 50
1,2-Dibromo-3-Chloropropane - 50 - 50 - 50 - 50
1,2-Dibromocthanc - 50 - 50 - 50 - 50
Dibromomethane - 50 - 50 - 50 - 50
1,2-Dichlorobenzenc 870 50 270 50 370 50 660 50
1,3-Dichlorobenzene 3.3) 50 - 50 - 50 - 50
1,4-Dichlorobenzence 187 50 4617 50 587 50 117 50
Dichlorodifluoromethane - 100 - 100 - 100 - 100
1,1-Dichlorocthane 9.5]% 50 - 50 - 50 - 50
1,2-Dichloroethane 167 50 - 50 - 50 - 50
1,1-Dichlorocthene 307 50 - 50 - 50 - 50
cis-1,2-Dichlorocthene 927 50 - 50 - 50 - 50
trans-1,2-Dichlorocthene - 50 - 50 - 50 - 50
1,2-Dichloropropanc 457 50 - 50 137 50 137 50
1,3-Dichloropropanc - 50 - S0 - 50 - 50

Page 1 of 2
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 31
Phase IV: Verification Testing
Summary of SPLP Volatile Organic Analyses - EPA Methods 1312/8260B

(28 Day Cure)
RESULTS (ug/L)
10% Cement Addition ) 10% Cement / 10% Hydrated Lime
2964-021 2964023 2964-022 2964-024

ANALYTICAL w/o Iron Addition Tron Addition w/o Iron Addition Iron Addition

PARAMETER Conc. DL Conc. DL Conc. DL Conc. DL
L SPLP VOLATILES
22-Dichloropropane - 50 - 50 - 50 - 50
cis-1,3-Dichloropropene - 50 - 50 - 50 - 50
trans-1,3-Dichloropropenc - 50 - 50 - 50 - 50
1,1-Dichloropropene - 50 - 50 - 50 - 50
Ethylbenzene 1,100 50 240 50 570 50 7o 50
2-Hexanone - 100 - 100 - 100 - 100
Hexachlorobutadiene 6.17J 50 - 50 - 50 - 50
Isopropyl benzene 357 50 767 50 147 50 197 50
p-isopropyltoluenc - 50 - 50 347 50 547 50
4-Mecthyl-2-pentanone (MIBK) 160 100 137 100 397 100 120 100
Methylene chloride 881J 50 - 50 - 50 - 50
Naphthalene 360 50 160 50 170 50 290 50
n-Propyl benzene . 96 50 257 50 397 50 55 50
Styrenc - 50 - 50 - 50 - 50
1,1,1,2-Tetrachloroethane - 50 - 50 - 50 - 50
1,1,2,2-Tetrachloroethane - S0 - 50 - 50 - 50
Tetrachlorocthene 3,600 50 670 50 2,200 50 2,200 50
Toluene 4,100 50 630 50 2,400 50 2,500 50
1,2,3-Trichlorobenzene - 50 - 50 - 50 - 50
1,2,4-Trichlorobenzene 137 50 297 50 327 50 587 50
1,1,1-Trichlorocthane 210 50 637 50 73 50 367 50
1,1,2-Trichloroethane - 50 - 50 - 50 - 50
Trichloroethene 2,600 50 120 50 1,100 50 1,000 50
Trichlorofluoromethane - 100 - 100 - 100 - 100
1,2 3-Trichloropropane - 50 - 50 - 50 - 50
1,2,4-Trimethylbenzene 650 50 210 50 280 50 420 50
1,3,5-Trimethylbenzene 190 S0 57 50 79 50 110 50
Vinyl Acetate - 100 - 100 - 100 - 100
Vinyl Chloride 10J 100 - 100 - 100 - 100
o-xylene 2,100 50 490 50 1,000 50 1,300 50
m-xylene 4,800 50 1,300 50 2,800 50 3,300 50
p-xylene - 50 - 50 - 50 - 50

DL Detection Limit
J  Estimated Value
- Noa Detectabl ations
2964_237
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 32

Phase IV: Verification Testing
Summary of Total PCB & Pesticide Analyses - EPA Method 8081/8082/325.2/1010

(28 Day Cure)
RESULTS (ug/kg)
10% Cement Addition 10% Cement / 10% Hydrated Lime
2964-021 2964023 2964-022 2964024

ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition Iron Addition

PARAMETER Conc. DL Conc. DL Conc. DL Conc. DL
L TOTAL PESTICIDES ‘
alpha-BHC - 220 - 210 - 230 - 210
beta-BHC - 220 - 210 - 230 - 210
delta-BHC » - 220 - 210 - 230 - 210
gamma-BHC (Lindane) - 220 - 210 - 230 . - 210
Heptachlor - 220 - 210 .- 230 - 210
Aldrin - 220 - 210 - 230 - 210
Heptachlor epoxide - 220 - 210 - 230 - 210
Endosulfan I - 220 - 210 - 230 - 210
Dieldrin - 440 - 420 - 450 - 420
4,4-DDE - 440 - 420 - 450 - 420
Endnin - 440 - 420 - 450 - 420
Endosulfan IT - 440 - 420 - 450 - 420
4.4'-DDD - 440 - 420 - 450 - 420
Endosulfan Sulfate - 440 - 420 - 450 - 420
4,4'-DDT - 440 - 420 - 450 - 420
Methoxychlor - 2,200 - 2,100 - 2,300 - 2,100
Endrin Ketone - 440 - 420 - 450 - 420
Endrin aldehyde - 440 - 420 - 450 - 420
alpha-Chlordane - 220 - 210 - 230 - 210
gamma-Chlordane - 220 - 210 - 230 - 210
Toxaphene - 4400 - 4200 - 4500 - 4200
II. TOTAL PCBs
Aroclor-1016 - 22,000 - 21,000 - 23,000 - 21,000
Aroclor-1221 - 22,000 - 21,000 - 23,000 - 21,000
Aroclor-1232 - 22,000 - 21,000 - 23,000 - 21,000
Aroclor-1242 450,000 22,000 380,000 21,000 390,000 23,000 290,000 21,000
Aroclor-1248 - 22,000 - 21,000 - 23,000 - 21,000
Aroclor-1254 - 22,000 - 21,000 - 23,000 - 21,000
Aroclor-1260 - 22,000 - 21,000 - 23,000 - 21,000
II. ADDITIONAL ANALYSES |
Total Chloride (mg/kg) 5,700 210 3,000 200 4,200 220 5,800 210
Ignitability, Flash Point (°C) >95 NA >95 NA | >95 NA >95 NA

DL Detection Limit
- Non Detectable Concentrations
NA Not Applicable

2964_238
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.

216 PATERSON PLANK ROAD SITE

TABLE 33
Phase IV: Verification Testing
Summary of SPLP PCB & Pesticide Analyses - EPA Method 1312/8081/8082

(28 Day Cure)
RESULTS (ug/L)
10% Cement Addition 10% Cement / 10% Hydrated Lime
2964-021 - 2964-023 2964022 2964-024

ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition Iron Addition

PARAMETER Conc. | DL Conc. | DL Conc. | DL Conc. | DL
1. SPLP PESTICIDES
alpha-BHC - 0.50 - 0.50 - 0.50 - 0.50
beta-BHC - 0.50 - 0.50 - 0.50 - 0.50
delta-BHC - 0.50 - 0.50 - 0.50 - 0.50
gamma-BHC (Lindane) - 0.50 - 0.50 - 0.50 - 0.50
Heptachlor - 0.50 - 0.50 - 0.50 - 0.50
Aldrin - 0.50 - 0.50 - 0.50 - 0.50
Heptachlor epoxide - 0.50 - 0.50 - 0.50 - 0.50
Endosulfan I - 0.50 - 0.50 - 0.50 - 0.50
Dieldrin - 1.0 - 1.0 - 1.0 - 1.0
4 4'-DDE - 1.0 - 1.0 - 1.0 - 1.0
Endrin - 1.0 - 1.0 - 1.0 - 1.0

- Endosulfan II - 1.0 - 1.0 - 1.0 - 1.0
4,4'-DDD - 1.0 - 1.0 - 1.0 - 1.0
Endosulfan Sulfate - 1.0 - 1.0 - 1.0 - 1.0
44'-DDT - 1.0 - 1.0 - 1.0 - 1.0
Methoxychlor - 50 - 5.0 - 5.0 - 5.0
Endrin Ketone - 1.0 - 1.0 - 1.0 - 1.0
Endrin aldehyde - 1.0 - 1.0 - 1.0 - 1.0
alpha-Chlordane - 0.50 - 0.50 - 0.50 - 0.50
gamma-Chlordane - 0.50 - 0.50 - 0.50 - 0.50
Toxaphene - 10 - 10 - 10 - 10
1I. SPLP PCBs
Aroclor-1016 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1221 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1232 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1242 2.0 0.50 0.52 0.50 0.60 0.50 1.2 0.50
Aroclor-1248 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1254 - 0.50 - 0.50 - 0.50 - 0.50
Aroclor-1260 - 0.50 - 0.50 - 0.50 - 0.50
DL Detection Limit

Non Detectable Concentrations -

2964_239
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 34
Phase IV: Verification Testing
Summary of Total TAL Metals Analyses - EPA Methods 6010B / 7471

(28 Day Cure)
RESULTS (mg/kg)
10% Cement Addition 10% Cement / 10% Hydrated Lime
2964021 2964-023 2964-022 . 2964-024
ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition - Iron Addition
PARAMETER Conc. DL Conc. DL Conc, DL Cone, DL
I. TOTAL TAL METALS
Aluminum 12,800 6.7 9,800 6.3 11,000 6.8 9,000 6.4
Antimony 42 13 58 1.3 50 1.4 3.1 1.3
Arsenic 14 2.7 35 25 13 27 . 33 26
Barium 676 0.67 600 0.63 660 0.68 450 0.64
: Beryllium - 0.67 - 0.63 - 0.68 - 0.64
Cadmium 29.9 0.67 24 0.63 29 0.68 17 0.64
Calcium 75,500 1,300 69,000 1,300 120,000 1,400 120,000 1,300
Chromium 292 13 300 1.3 250 1.4 200 1.3
Cobalt 497 1.3 13 1.3 3.9 14 10 1.3
Copper 3,510 130 3,000 1.3 2,700 140 2,800 1.3
Iron 20,300 2.7 130,000 250 19,000 2.7 87,000 260
Lead 1 1,100 330 960 320 790 140 590 320
Magnesium 5,830 33 4,600 32 5,300 34 4,700 32
Manganese 291 0.67 620 0.63 280 0.68 500 0.64
Mercury 9.9 33 7.2 3.2 7.6 17 137 32
Nickel 60.1 27 160 25 48 2.7 76 2.6
Potassium 1,260 67 900 63 1,200 68 1,000 64
Selenium 3.5 27 1.8 1.3 6.2 5.5 2.7 2.6
Silver - 2.7 - 2.5 - 27 - 2.6
Sodium 10,900 33 8,800 32 9,000 34 15,000 32
Thallium - 0.67 1.1 0.63 0.85 0.68 0.94 0.32
Vanadium 38.8 0.67 47 0.63 35 0.68 37 0.64
Zinc 2,850 13 2,500 1.3 2,700 14 1,600 1.3
Non Detectable Concentrations
Detection Limit
Estimated Value
2964_240
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 35
Phase IV: Verification Testing
Summary of SPLP TAL Metals Analyses - EPA Methods 1312/ 6010B / 7470

(28 Day Cure)
RESULTS (mg/L)
10% Cement Addition 10% Cement / 10% Hydrated Lime
2964-021 2964-023 2964022 2964-024
ANALYTICAL w/o Iron Addition Iron Addition w/o Iron Addition Iron Addition
PARAMETER Conc. DL Conc. DL Conc. DL Cong. DL
1. SPLP TAL METALS
Aluminum 0.21 0.10 0.22 0.10 0.17 0.10 - 0.10
Antimony - 0.02 - 0.02 - 0.02 - 0.02
Arsenic 0.014 0.004 0.013 0.004 0.014 0.004 | 0.0098 0.004
Barium ' 0.046 0.01 0.054 0.01 0.063 0.01 0.077 0.01
: Beryllium - 0.01 - 0.01 - 0.01 - 0.01
Cadmium - 0.01 - 0.01 - 0.01 - 0.01
Calcium 150 0.20 160 0.20 410 0.20 430 0.20
Chromium 0.03 0.02 0.023 0.02 - 0.02 - 0.02
Cobalt - 0.02 - 0.02 - 0.02 - 0.02
Copper 14 0.02 24 0.02 3.0 0.02 31 0.02
Iron 0.32 0.04 0.30 0.04 0.18 0.04 0.071 0.04
Lead - 0.005 - 0.005 0.17 0.025 0.096 0.025
Magnesium - 0.50 - 0.50 - 0.50 - 0.50
Manganese - 0.01 - 0.01 - 0.01 - 0.01
Mercury 0.0024 0.0002 0.001 0.0002 0.0011 0.0002 | 0.00087 0.0002
Nickel 0.05 0.04 0.043 0.04 0.055 0.04 - 0.04
Potassium 10 1.0 9.2 1.0 9.8 1.0 84 1.0
Selenium - 0.004 - 0.004 - 0.004 - 0.004
Silver - 0.01 - 0.01 - 0.01 - 0.01
Sodium 470 25 350 25 330 25 300 25
Thallium - 0.005 - 0.005 - 0.005 - 0.005
Vanadium . 0.029 0.01 0.021 0.01 - 0.01 - 0.01
Zinc 0.027 0.02 0.024 0.02 0.41 0.02 0.15 0.02
Non Detectable Concentrations

J  Estimated Value
DL Detection Limit

2964 241
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KIBER ENVIRONMENTAL SERVICES, INC.

GOLDER ASSOCIATES, INC.

216 PATERSON PLANK ROAD SITE

TABLE 36

Phase IV: Verification Testing

Summary of Unconfined Compressive Strength Testing - ASTM D 2166

(28 Day Cure)
UNCONFINED COMPRESSIVE S_TRENGTH TESTING (UCS) (9
KIBER REAGENT | WATER Moisture Bulk Dry VOLUMETRIC
SAMPLE |{MATERIAL REAGENT ADDITION | ADDITION Content Density Density uUcs EXPANSION
No. TYPE TYPE () (%) o (%) o (%) - (1bs/f?) (1bs/f1?) (Ibs/in?) (%) @

AIR STRIPPING (2
2964-021 Parent A Type 1 Portland Cement 10 5 29 105 81 7 4
2964-022 Parent B Type I Portland Cement / Hydrated Lime 10/10 17 30 92 ) 53 32

AIR STRIPPING AND IRON ADDITION (3
2964-023 Parent A Type I Portland Cement 10 4.5 22 113 92 84 7
2964-024 Parent B Type I Portland Cement / Hydrated Lime 10/10 15 31 102 79 42 n

(1) Reagents were blended dry, slurried with water and added to the speoified material and blended.
(2) These mixtures were developed with material that was air strippod for 120 minutes. After air stripping and iron addition for mixtures 022 and 024,
the mixtures were allowed to set for 3 days at which time the stabilization reagents were added. After addition of the stabilization reagents, the materials
were allowed to cure for a period of 28 days. )
(3) For a mixture with 10% rcagent addition snd 10% water addition, 20 grams of reagent will be slurried with 20 grems of water and added to 200 grams of untreated material.
(4 Unoonfined compressive strength and volumetric expansion testing were performed afler 28 days of curing.
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KIBER ENVIRONMENTAL SERVICES, INC.
-GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 37
Phase IV: Verification Testing
Summary of Total Volatile Organic Analyses - EPA Method 8260B

(Control Samples)
RESULTS (ug/kg)

ANALYTICAL Initial Control Control - 3 Days Final Control - 28 Days

PARAMETER Conc. DL Conc. DL Conc. DL
1. TOTAL VOLATILES _
Acetone 170,000 J 1,600,000 73,000 1,600,000 - 1,800,000
Benzene 30,000 ] 79,000 18,000 ] 79,000 - 89,000
Bromobenzene - 79,000 - 79,000 - 89,000
Bromochloromethane - 79,000 - 79,000 - 89,000
Bromodichloromethane - 79,000 - 79,000 - 89,000
Bromoform - 79,000 - 79,000 - 89,000
Bromomethane - 160,000 - 160,000 - 180,000
2-butanone 170,000 J 1,600,000 74,000 ] 1,600,000 - 1,800,000
n-Butylbenzene 28,000 J 79,000 28,000 J 79,000 15,000 J 89,000
s-Butylbenzene 6,800 J 79,000 8,400 ) 79,000 - 89,000
t-Butlybenzene - 79,000 - 79,000 - 89,000
Carbon disulfide - 79,000 - 79,000 - 89,000
Carbon tetrachloride - 79,000 - 79,000 - 89,000
Chlorobenzene 190,000 79,000 150,000 J 79,000 42,0007 89,000
Chorodibromomethane - 79,000 - 79,000 - 89,000
Chloroethane - 160,000 - 160,000 - 180,000
2-Chloroethyl vinyl ether - 160,000 - 160,000 - 180,000
Chloroform » 81,000 79,000 49,000 J 79,000 - 89,000
Chloromethane - 160,000 - 160,000 - 180,000
2-Chlorotoluene - 79,000 - 79,000 - 89,000
4-Chlorotoluene - 79,000 - 79,000 - 89,000
1,2-Dibromo-3-Chloropropane - 79,000 - 79,000 - 89,000
1,2-Dibromocthane - 79,000 - 79,000 - 89,000
Dibromomethane - 79,000 - . 79,000 - 89,000
1,2-Dichlorobenzene 200,000 79,000 180,000 J 79,000 86,000 J 89,000
1,3-Dichlorobenzene - 79,000 - 79,000 - 89,000
1,4-Dichlorobenzene - 79,000 - 79,000 - 89,000
Dichlorodifluoromethane - 160,000 - - 160,000 - 180,000
1,1-Dichloroethane - 79,000 30,0007 79,000 - 89,000
1,2-Dichloroethane - 79,000 45,000 J 79,000 - 89,000
1,1-Dichloroethene - 79,000 - 79,000 - 89,000
cis-1,2-Dichloroethene 20,000 J 79,000 11,000) 79,000 - 89,000
trans-1,2-Dichloroethene - 79,000 - 79,000 - 89,000
1,2-Dichloropropane 13,000 J 79,000 - 79,000 - 89,000
1,3-Dichloropropane - 79,000 - 79,000 - 89,000

Page 1 of 2
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 37
Phase IV: Verification Testing
Sunimary of Total Volatile Organic Analyses - EPA Method 8260B
(Control Samples) '

RESULTS (ug/kg)

ANALYTICAL Initial Control Control - 3 Days Final Control - 28 Days

PARAMETER Conc. DL Conc. DL Conc. DL
I. TOTAL VOLATILES
2,2-Dichloropropane - 79,000 - 79,000 - 89,000
cis-1,3-Dichloropropene - 79,000 - 79,000 - 89,000
trans-1,3-Dichloropropene - 79,000 - 79,000 - 89,000
1,1-Dichloropropene - 79,000 - 79,000 - 89,000
Ethylbenzene 730,000 79,000 630,000 79,000 210,000 89,000
2-Hexanone - 160,000 - 160,000 - 180,000
Hexachlorobutadiene - 79,000 - 79,000 - 89,000
Isopropyl benzene 27,000 79,000 25,000 79,000 10,000 J 89,000
p-isopropyltoluene 8,700J 79,000 9,400 ¥ 79,000 - 89,000
4-Methyl-2-pentanone (MIBK) | 320,000 160,000 190,000 160,000 - 180,000
Methylene chloride 79,000 J 79,000 33,0007 79,000 - 89,000
Naphthalene 67,000] 160,000 62,000 160,000 46,000 J 180,000
n-Propyl benzene 73,000 ] 79,000 69,000 J 79,000 30,000 J 89,000
Styrene - 79,000 - 79,000 - 89,000
1,1,1,2-Tetrachloroethane - 79,000 - 79,000 - 89,000
1,1,2,2-Tetrachlorocthane - 79,000 - 79,000 - 89,000
Tetrachloroethene 4,300,000 79,000 4,600,000 79,000 1,400,000 89,000
Toluene 4,100,000 79,000 3,700,000 79,000 790,000 89,000
1,2,3-Trichlorobenzene - © 79,000 - 79,000 - 89,000
1,2,4-Trichlorobenzene - 79,000 7,8007 79,000 - 89,000
1,1,1-Trichioroethane _ 850,000 79,000 580,000 79,000 85,000 89,000
1,1,2-Trichloroethane 11,000 ] 79,000 - 79,000 - 89,000
Trichloroethene 5,500,000 79,000 4,700,000 79,000 710,000 89,000
Trichlorofluoromethane - 160,000 - 160,000 - 180,000
1,2,3-Trichloropropane - 79,000 - 79,000 - 89,000
1,2,4-Trimethylbenzene 300,000 79,000 280,000 79,000 130,000 89,000
1,3,5-Trimethylbenzene 97,000 79,000 96,000 79,000 44,0007 89,000
Vinyl Acetate - 160,000 - 160,000 T - 180,000
Vinyl Chloride - 160,000 - 160,000 - 180,000
o-xylene 800,000 79,000 690,000 79,000 250,000 89,000
m-xylene 2,800,000 79,000 2,400,000 79,000 920,000 89,000
p-xylene - 79,000 - 79,000 - 89,000

DL Detection Limit
J  Estimated Value

Non Detectable concentrations

2964_228
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KIBER ENVIRONMENTAL SERVICES, INC.
GOLDER ASSOCIATES, INC.
216 PATERSON PLANK ROAD SITE

TABLE 38
Phase IV: Verification Testing
Summary of Total PCB Analyses - EPA Method 8082/325.2

(Control Samples)
RESULTS (ug/kg)

ANALYTICAL Initial Control Control - 3 Days Final Control - 28 Days

PARAMETER Conc. | DL Conc. DL Conc. DL
I. TOTAL PCBs
Aroclor-1016 - 260,000 - 26,000 . 26,000
Aroclor-1221 . 260,000 - 26,000 - 26,000
Aroclor-1232 - 260,000 - 26,000 . 26,000
Aroclor-1242 1,600,000 260,000 770,000 26,000 620,000 26,000
Aroclor-1248 - 260,000 - 26,000 - 26,000
Aroclor-1254 - 260,000 - 26,000 - 26,000
Aroclor-1260 - 260,000 - 26,000 . 26,000
II. ADDITIONAL ANALYSES
Total Chloride (mg/kg) 2,700 1,300 5,500 1,300 8,500 230

DL Detection Limit
- Non Detectable Concentrations

2964_229




APPENDIX B

GEOTECHNICAL REQUIREMENTS FOR EXCAVATION
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SUBJECT: Preliminary Excavation Support Design
Golder Job No.: 943-6222 Made by: GLL Date: 04/18/01
‘ Associates Ref.: Carlstadt Checked: MFM Sheet 1 of 19
Reviewed: MFM

OBJECTIVE: Perform Preliminary design analyses and prepare preliminary construction
cost estimates for a temporary lateral support system to facilitate removal
of “sludge” materials from the project site. In addition, the proposed
support system would have to be designed to mitigate adverse impacts to
existing slurry wall located adjacent to proposed excavation.

ASSUPMTIONS:

1. Proposed Excavation area is 70-ft wide by 85-ft long by 15-ft deep and
temporary excavation support system will be constructed at excavation
limits.

2. Existing grade is at approximately el. 11.41 ft (MSL).

3. Water table is at approximately el. 6 ft (MSL), or at 5.41 ft below
ground surface (bgs). Therefore, assume groundwater table used for
design is 5-ft bgs.

4. Design soil profile as shown on sheet 4 of 19.

5. Undrained shear strength conditions apply.

6. Proposed temporary lateral support system will not extend into the
underlying varved clay.

7. The excavation will be dewatered (groundwater will be at the bottom
depth of the excavation).

‘ SOIL PROFILE: See Sheet 4 of 19

REFERENCES: 1. “Focused Feasibility Study, Investigation Report (Carlstadt),” Golder
Associates, November 1997.

2. “Soil-Mechanics in Engineering Practice,
R.B. Peck, and G. Mesci, 1996.

3. “Foundation Analysis and Design,” 4™ edition, J. Bowles, 1988.

4. “Foundation Engineering Handbook,” H. Winterkorn and H. Fang,
1975

5. “Foundation Engineering,”, 2™ edition, R.Peck, W.Hanson,
T.Thormburn, 1974

» 3" edition, K. Terzaghi and

6. “Manual of Steel Construction,” 9 edition, AISC, 1998

7. “Foundations and Earth Structures,” NAVFAC, DM 7.02, 1986

8. “Soil Mechanics,” NAVFAC, DM 7.01, 1986

9. Design property charts for steel sheet piles, Skyline steel corporation
DISCUSSION: In order to limit the extent of excavation, a proposed temporary lateral

- support system will need to be installed at the limits of the proposed

excavation. This temporary lateral support system would have to maintain

‘ a vertical profile, and it should be designed to withstand unbalanced
' hydrostatic earth pressures.

400167



SUBJECT: Preliminary Excavation Support Design

G()lder Job No.: 943-6222 Made by: GLL Date: 04/18/01 -
. Associates Ref.: Carlstadt Checked: MFM Sheet 1 of 19
Reviewed: MFM

Given that the proposed temporary lateral support system cannot extend
into or through the site’s underlying varved clay, the proposed support
system will have to consist of an internally “braced”, multiple strut system.

Therefore, the proposed temporary lateral support system will include the
following components:

1. Steel interlocking sheet piling with “AZ” type sections;

2. Steel walers to transfer loads; and

3. Steel “cross braced” struts.

As an alternate and if possible, steel “compression” walers could be utilized
to deliver requisite loads to support system without the need for internal
bracing. However, excavation plan areas would most likely have to be
smaller than needed in order to utilize “compression” walers.

Lastly, Soil anchor tiebacks cannot be utilized on the project because they
would interfere with the adjacent “slurry” walls and said tiebacks cannot
‘ penetrate the underlying varved clay deposit.

DESIGN: (See attached calculation sheets)
DESIGN
CONCLUSIONS: These preliminary excavation support system calculations are only to be

used to develop preliminary construction cost estimates. In general, these
calculations establish somewhat conservative design, and do not include
connection or welding calculations.

Final design of excavation support system must be completed by
Contractor performing and/or installing the system. These calculations
should not be considered as final or used by the contractor. Its likely that
the contractor may have alternative methods to complete excavation and
corresponding calculations should be submitted prior to construction.

Based on preliminary calcs, the following design components could be
utilized to provide temporary lateral support:

1. Use SZ-10 or SPZ-13 sfeel interlocking sheet pilling to establish a
fairly water tight excavation perimeter.

2. Use a strut spacing of 15 feet center to center, and a maximum strut
‘ length of 26 feet. '
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SUBJECT: Preliminary Excavation Support Design

Golder Job No.: 943-6222 Made by: GLL Date: 04/18/01

Associates Ref.: Carlstadt Checked: MFM Sheet 1 of 19

Reviewed: MFM

3. Use W12 X 30 steel section as continuous wale to transfer loads
from sheet piles to struts.

4. Use W10 X 45 steel section as struts, maximum strut length to 26
feet.

5. Provide 2 3inch X % inch steel plate stiffeners on each side of the
strut connection -

6. Wale —strut connection and welding requirements to be specified

7. If warranted, contractor should provide capability to preload struts
prior to excavation beneath strut level.

To facilitate the project’s fairly large area (85 ft X 70 ft), the entire
excavation will be divided into thirds or “cells”. One cell would be
excavated and backfilled, and after completed, the next “cell” would be
excavated utilizing the common sheet pile wall section already in place.

Therefore, the proposed excavation sequence is as follows:

70 feet
Strut 1
Strut 2
CELL1 | cELL2 | cELL3 | OO fee
Strut 3
Strut 4
25 feet 25 feet 20 feet

It will be assumed that sheetpile, wales, and struts from cell 1 can be used
in Cells 2 and 3, accordingly. In addition, a 20% contingency will be
applied to material costs to account for replacement of damaged materials.

g:\projects\943-6222\ffs\revised ffs\braced_final.doc
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A v 3t

F, = 36 ksi v v F, — 36 ksi
Fy = 50 ksl COLUMNS ” COLUMNS Fy = 50 kst
W shapes W shapes
Allowable axial loads in kips : Allowable axial Joads in kips

v
:
Designation w10 ‘ [ Designation w8
Wt/ 60 54 49 45 ; Wi 67 58 48 40 35 3
F 36 | 50 | 36 [ 50 | 36 | 50 [} 36 | 50 K 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | 50 | 36 | SO

380 | 528 | 341 | 474 | 311 | 432 || 287 | 399 | 248 | 345 | 210 | 291 426 [ 591 | 369 | 513 | 305 | 423 | 253 | 351 | 222 [ 309 | 197 | 274

0 0

6 |as3 482|317 1493 (289 | ag4 |f 260 | 351 | 224 | 303 | 189 | 255 6 |'387 | 525 | 336 | 455 | 276 | 375 | 229 | a10 { 201 | 272 | 178 | 241
7 | 348 | 472 | 312 | 423 { 284 | 385 || 253 | 340 | 218 [ 293 | 184 | 246 7 {379 {510 | 320 | 442 | 270 | 363 | 223 | 300 | 197 | 264 | 174 | 234
8 | 241|461 | 306|414 | 279 | 376 || 247 | 328 | 213 [ 283 | 179 | 237 8 | 370 | 404 | 320 | 428 | 263 | 352 | 218 | 290°| 191 | 255 | 170 | 228
9 | 335|450 | 300 | 403 | 273 | 367 || 240 | 316 | 206 | 272 | 173 | 228 9 1360 | 477 | 312 | 413 | 256 | 339 | 212 | 279 | 186 | 246 | 165 | 217
10 | 328 | 437 | 294 | 392 | 268 | 357 || 232 | 303 | 200 | 260 | 167 | 217 10 | 350 | 459 | 303 | 397 | 249 {326 | 205 | 268 | 180 | 238 | 160 | 208

11} 321 | 426 | 288 | 381 | 262 | 346 |} 224 | 289 } 193 | 248 | 161 } 207 11 1339 | 440 ) 293 | 380 | 241 | 312 | 199 | 256 | 174 |} 225 | 154 | 199
12 [ 313|412 | 281 { 369 256 | 335 || 216 | 274 | 186 | 235 | 155 | 196 12 1328 (420 ( 283 | 363 ( 233 | 297 | 192 | 244 | 168 | 214 | 149 | 189
13 | 306 | 398 | 274 | 356 { 249 | 324 || 208 | 259 | 178 | 221 | 149 | 184 13 1316 1399 | 273 | 344 | 224 | 282 | 184 | 231 | 162 | 202 | 143 | 179
14 | 297 | 383 1267 | 343 | 242 | 312 || 199 [ 243 | 170 | 207 | 142 | 171 14 1304 | 378 | 263 | 325 | 215 | 266 | 177 | 217-{ 155 | 190 | 137 | 168
15 | 289 {.368 { 259 [ 330.| 235 [ 299 || 190 | 227 { 162 | 193 | 135 | 158 15 {292 | 355 | 251 [ 305 ( 206 | 249 [ 169 | 208'( 148 | 377 | 131 [ 156

16 | 280 |.353 | 251 | 316 | 228 | 286 || 180 |- 209 | 154 | 177 | 127 | 145 16 1279 | 331 | 240 | 284 | 196 | 232 | 160 |: 188 | 141 | 964 | 124 | 145

271|337 | 243 1 301.1 221 | 273 {| 170 | 191 ] 145 | 161 | 120 | 13¢}: 17 1265 1 307 | 228 | 283 | 186 | 214 | 152 | 172 133 | 160:] 117 | 132
18 {262 | 320 | 235 (286 | 213 | 258 [| 160 | 172 | 136 | 144 | 112 | 117, 251 1281 | 216 [.240:1 176 | 195 { 143 | 166| 125 |-136 | 110 | 119
19 | 25313031226 | 271 | 205 | 245 §| 149 { 154 | 126 } 130 [ 103 } 105§ 19 1236 | 264 | 203 | 2171 165 |'175.] 134 | 140°| 117 [.122.] 103 | 107
20 | 243|285 | 217 {255 | 197 | 230 {1 138 { 139 | 116 § 117 | 95| 95 20 | 221 | 2301 190 | 196 | 154 | 158 | 124 | 126:| 109 [ 110 | 95| 87

22 | 22212487199 | 2211180 | 19B || 115 116 | 97| 97| 78| 78 22 1190 | 190f 162 |'162| 131 | 131 | 104 | 104:] 91 [ 91 80| 80

| —|-201-1+-208.1 179 1 186 | 161 1167 || 97| 9 81 ] 81| 66 68 24 | 159 11591 136 | 136 | 110 | 110 | 88 |- 88| 76| 76 | 67 | 67
| 177.].178.1 158 | 159|142 | 143 || _ 82 69 ) 69| S6| 56 26 | 136 | 136 116 | 116-| 94| 94| 75| 75| 65| 65| 57| 57
287 17154 | 154 137 (377123711237 70 77| 60| 60| 48| 48 28 {117 (1171100 ] 100 | 81| 81| 641 . 64| 56| 56| 49| 49
30 {134 | 134 (119119 {107 | 107 || 62} 62| 52} 62| 42| 42 30 11021102 87| 874 70} 70| 561:56 49 !:49] 43| 43
32 118|118 [ 105|105, 94 | 94| 54| 54| 46| 46| 37| 37 32 90} 90 76| 78| 62| 62| 49| 49| 43 |.43] 38| 38
33 (1411111 o3| 99 88 . e8|l S1) 51| 431 43 s KK Ba| -84 72 72| S8 58] 46| 46| 40! 40] 351 35

radius of gyration r,
3
radius of gyration r,
®

!
.
8

Effective jength in ft KL wilh respect to least
Effective length in ft KL with respect to least

3¢ 104|104 93| 93| 83| 83 T ' k 34 ) 791791 68 (.68 55| 65 44 . 44
36 | 93| 93| 83| 83| 74| 74 : - 5 | 751 75| 64 64 T o
Properties _ ‘ - - Properties
255255256 | 2561257 | 257 3.25 {325 |3.28 {328 | 3.35 | 3.35 : ,
v ‘ ; sl 89l 55| 77 U 248 1248250 [ 250|254 [ 254 ] 256 [ 256 [ 250 [ 259 [ 2.61 | 2.61
P, (kips) 99 (.138 | 83| 116 73| 101]f 79| 109 9 . P |
r? (kinsiin.) vl 21l 13l 19l 121 7l 13| 18] 11] 6] 10| wo (Kips) | 147} 205 120| 167| 86| 119| 69| 96| s6| 78| 48| &
wi (XIPSAN. : ‘ \ 79| 93 Pui {Kipsfin.) 20| 29| 8| 26| 14| 20| 13| 18| 11| 16| 10| 14
P, (Kips) 23a | 282 63| 193] 127 149 || 138 183 to1 | 119} 79| 93 Py (6 roa ol : & |16
' : o wo (Kips) a77| 533 257 | 309 | 187 | 221-| 120 | 141-| 93| 110

Py {Kips) 1041 145| 85| 118} 71} 9B} 6] 1204 63| 88} 43| Py (Kips) 197] 273 148 | 205) 106 147| 71| 98| s5| 7] 43| s0
L (1) 106 90(106| 9.0/106| 80{ 85| 72| 84] 72| 84 Z; L (1) 87| 74| 87] 74| 86} 73| 85| 72| 85| 72| 84| 72
L, 311224 282|203 260|187 || 228164198142 (16511 L, (1 299 [ 267|353 | 25.4| 303 | 218 [ 253 | 182 | 226 | 163 | 201 | 145
Afin.?) 176 158 14.4 133 1.5 8.71 A(in.2) 19.7 17.1 14.1 1.7 103 9.13
I in*) 34 303 272 248 209 170 I (in.4) 272 228 184 146 127 110
I, (in*) 116 103 93.4 534 45.0 36.6 Iy (in4) 88.6 75.1 60.9 49.1 426 3r.1
r, (in) 257 256 254 201 1.98 1.94 ty (in.) 212 210 208 204 2.03 2.02
Ratio 1, /1, .71 171 17 2.15 2.16 2.16 Ratio r, /r, 175 1.74 174 1.73 .73 172
H.}Bending 0.264 0.263 0.264 0.274 0.273 0.277 8,1 Bending 0.326 0.329 0.326 0.330 0.390 0.332
8,7 tactors 0.765 0.767 0.770 1.000 1018 1.055 8 factors 0.921 0.934 0.940 0.959 0972 0.985
2,/10° 50.5 45.0 406 372 31.2 25.4 a:/10‘ 40.6 339 274 21.7 18.9 16.4
a, 10 17.3 15.4 138 8.0 6.7 5.4 :,’/m . 13.2 1.2 9.1 7.3 6.2 56
Fio (K LYN0° (Kips) 200 198 196 194 189 182 o (K, L.):/m: (ops) 144 138 135 129 128 125
E, (KLY (aps) | 685 68.0 66.9 ns w07 | 398 o UGLYNG (kips)) 466 | 457 449 43.2 27 423

bl Xp<d

Note: Hoavy line indicates K/ r of 200. Note: Heavy ing indicalos Kf r of 200
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